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Opening  Address  hij  the  President,  S.  G.  Warnee,  Esq. 

[Delivered  4  December  1917.] 

(jENTLEMEN, — We  meet  to-niglit  to  open  another  War 
Session.  The  hopes,  probably  entertained  by  many  of  us, 
that  the  twelve  months  which  began  for  us  at  our  similar 
gathering  of  November  1916,  would  see  the  end  of  the  struggle, 
have  not  been  fulfilled.  Still  our  main  activities  are  sus- 
pended, our  numbers  depleted,  our  anxieties  prolonged,  under 
the  shadow  which  overhangs  the  world.  We  are  at  all  events 
one  year  nearer  to  our  goal,  as  a  people ;  but  how  distant  its 
attainment  still  may  be  we  are  as  unable  as  ever  to  say.  At 
least,  however,  this  may  be  asserted :  that  we,  in  common 
with  our  fellow  countrymen,  our  kindred  oversea,  and  our 
Allies,  are  as  resolute  as  ever  that  attained  that  goal  shall 
be :  that  we,  in  common  also  with  them,  are  prepared 
determinedly  to  endure  such  privation,  suffering  or  sacrifice 
as  may  be  necessary  to  that  end ;  resolved,  in  the  words  of 
our  great  poet  and  patriot  of  a  past  day,  that  we  will  not 
"bate  a  jot 

"  Of  heart  or  hope,  but  still  bear  up  and  steer 

"  Right  onward." 
You  will  be  interested  to  hear  the  numbers,  brought  dowai 
to  the  present  date,  of  members  and  probationers  of  the 
Institute  who  have  joined  His  Majesty's  forces  on  land  or 
sea  ;  the  total  is  now  390,  and  of  these  44  have  fallen.  Since 
the  last  announcement  of  this  kind,  at  our  Annual  Meeting  in 
June,  ten  more  names  are  included  in  that  Roll  of  Honour, 
devoted  to  the  memory  of  those  Avhom  we  shall  see  no  more. 
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They  liave  laid  down  their  lives  for  their  country^  and  no 
comment  could  do  other  than  weaken  the  force  of  that  simple 
statement  of  fact.  In  each  case^  on  your  behalf,  an  expression 
of  sympathy  has  been  sent  to  those  from  whose  homes  they 
have  gone.     They  have  left  us,  but  they  are  not  forgotten. 

Two  other  losses  by  death  have  to  be  recorded.  Mr. 
Andrew  Hugh  Turnbull,  who  died  last  month,  had  been  a 
Fellow  of  the  Institute  for  nearly  forty  years.  Ilis  name  is 
naturally  associated  with  the  great  Life  Assurance  Office  in 
the  service  of  which  so  much  of  his  life  was  spent  and  to  the 
success  of  which  his  management  so  substantially  contributed. 
For  four  years  he  served  on  our  Council ;  he  was  a  member  of 
the  joint  Mortality  Investigation  Committee;  for  two  years 
he  held  the  office  of  President  of  the  Faculty  of  Actuaries ; 
and  he  was  the  author  of  two  useful  books  of  Actuarial 
Tables.  Those  who  knew  him  intimately  bear  witness  to  the 
wisdom  of  his  counsel  and  the  charm  of  his  character.  As 
Fellow  of  both  Institute  and  Faculty  he  rendered  good  service 
to  each,  and  by  each  his  name  will  be  held  in  honoured 
remembrance.  The  death  of  Mr.  Edward  Algernon  Newton, 
who  became  a  Fellow  in  1865,  leaves  on  our  Roll  only  four 
names  which  have  a  longer  record  in  that  respect.  As  he 
died  in  his  ninetieth  year,  it  follows  that  his  active  business 
career  belonged  to  rather  a  bygone  day  :  and  as  throughout 
his  retirement  he  had  few  opportunities  of  meeting  us  he  is 
probably  to  many  of  us  litytle  more  than  a  name  ;  but  his  w'ork 
was  well  and  faithfully  done,  and  in  losing  him  we  break  one 
of  the  few  remaining  links  with  a  distant  past. 

Among  the  events  of  the  war  during  the  past  twelve 
months  there  is  one  of  outstanding  importance  which  has  an 
aspect  of  special  interest  to  British  Actuaries.  I  refer  to  the 
entry  into  the  contest,  on  that  wdiich  we  hold  to  be  the  side 
of  righteousness  and  freedom,  of  the  United  States  of  America. 
I  suppose  there  is  no  one  of  our  race  who  did  not  feel  a 
stirring  of  the  blood  and  an  uplifting  of  the  spirit  at  this  act 
of  the  one  great  English-speaking  nation  outside  the  British 
Empire.  Beyond  this,  however,  we  have  our  own  keen 
interest  in  and  Avarm  friendship  for  our  brother  actuaries 
across  the  Atlantic.  The  Actuarial  Society  of  America  has 
been  long  and  honourably  known  to  us  for  its  great  services 
to  our  science,  and  for  the  freshness,  originality  and  ability 
with  which  it  has  handled  many  actuarial  problems.    In  these 
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circumstances  there  occurred  duriiio-  tlie  summer  an  inter- 
change of  messages,  which  are  doubtless  familiar  to  you  since 
their  publication  in  our  Insurance  Press,  but  which  I  venture 
to  reproduce  here  so  as  to  secure  for  them  permanent  record 
in  the  pages  of  our  Journal.     The  first  was  as  follows  : 

"  The  members  of  the  Actuaries'  Club,  London,  send 
"  greetings  to  the  members  of  the  Actuarial  Society  of  America. 
"  They  hail  with  joy  the  entrance  of  your  great  country  into 
■"  the  struggle  for  justice  and  freedom  among  the  nations." 

This  elicited  the  following  reply  : 

"  The  Actuarial  Society  of  America  in  annual  meeting 
"  assembled  acknowledges  Avith  deep  appreciation  the  message 
"  of  friendship  from  the  Actuaries'  Club,  and  unanimously 
*'  sends  most  cordial  greetings  to  the  Actuaries'  Club  and  to 
"  the  members  of  the  Institute  of  Actuaries.  American  and 
"  Canadian  members  have  worked  side  by  side  in  this  Society 
"  for  many  years,  and  we  all  now  rejoice  that  America  and 
"  the  British  Empire  will  hereafter  stand  side  by  side  in  the 
"  great  struggle  for  freedom  and  civilization." 

It  will  be  observed  that  the  American  message  includes  in 
its  scope  not  only  the  senders  of  that  to  which  it  is  a  response, 
but  our  Institute  as  a  body.  It  seems  appropriate  therefore 
that  on  this,  our  first  opportunity  since  its  receipt,  we  should 
send  a  reply  reciprocating  the  feelings  expressed.  It  is  my  in- 
tention accordingly,  before  our  proceedings  close,  to  propose  for 
your  acceptance  a  resolution  Avhich  will  answer  that  purpose.'^ 

On  the  last  two  occasions  of  an  inaugural  address  in  this 
Hall,  the  w^ar  and  its  problems  naturally  formed  the  central 
theme.  To-day  the  situation,  developed  during  the  last  twelve 
months  along  broad  lines  of  strategy  and  statemanship,  tiardly 
seems  to  present  material  making  it  necessary  for  us  as  a 
professional  body  to  devote  another  entire  evening  to  its  con- 
sideration. The  great  conflict  has  had  its  chances  and  changes, 
its  encouragements  and  disappointments.  Steadfast  effort  and 
endurance  are  more  than  ever  necessary,  but  perseveringly 
continued  they  w411  not  fail  of  their  reward.  The  financial 
burdens  of  the  nations  are  heavier,  but  there  is  no  weakening 

^  [The  resolution,  which  was  uuaniniously  adopted  at  the  close  of  the  pro- 
ceedings, was  in  the  following  terms:  "  The  Institute  of  Actuaries  in  General 
Meeting  assembled,  acknowledges  the  greeting  sent  through  the  Actuaries'  Club 
1>y  tlie  Actuarial  Society  of  America,  cordially  reciprocates  the  friendship  that 
inspired  it  and  rejoices  in  the  fellowship,  as  comrades  in  arms,  of  the  British  and 
American  peoples." — Eds.  J.I.A.^. 
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of  the  "will  to  bear  them  rather  than,  on  any  excuse,  to  throw 
the  fruits  of  past  sacrifice  away.  We  have  all  been  hard  at 
work,  under  the  double  strain  of  depleted  help  and  the  new 
problems  Avliich  constantly  arise.  As  instances  of  the  latter, 
some  have  had  to  undertake  a  study  of  the  intricacies  of  new 
foreign  and  colonial  Income  Tax  Acts,  which  is  in  itself  a 
liberal  education ;  others  have  been  facing  questions  of 
pensions  to  combatants  and  dependants  which  are  increasingly 
complicated  and  difficult ;  while  the  help  of  some  of  our 
number  has  been  sought,  and  effectively  given,  in  the  arduous 
statistical  labour  necessary  in  connection  with  our  shipping. 
The  national  finance  involves  issues  exceedingly  complex,  and 
sometimes  keenly  controversial ;  but  to-nig*ht,  when  con- 
troversy is  a  thing-  to  be  avoided,  it  is  Avell  to  be  assured  that 
all  actuaries  are  united  as  regards  the  one  supreme  financial 
duty,  the  continual  enforcement  upon  our  people  of  the  need 
for  an  unflinching  and  untiring  economy.  The  voluntary 
expert  help  which  members  of  our  Institute  have  in  such  large 
measure  given  to  AVar  Savings  Committees,  and  to  important 
Funds  created  by  and  connected  with  the  war,  we  record  not 
with  any  claim  to  have  done  more  than  patriotic  citizens'  duty, 
but  with  satisfaction  that  the  call  to  such  duty  has  not  failed 
to  find  a  willing  response. 

We  learn  with  great  satisfaction  that  Mr.  T.  B.  Macaulay, 
a  Fellow  of  this  Institute  by  examination,  has  been  appointed 
Chairman  of  the  National  Committee  of  Food  Resources  in 
Canada.  We  congratulate  him  on  his  appointment,  and  the 
Canadian  Government  on  its  selection ;  and  record  the  event 
as  an  honour  to  our  body  and  our  profession. 

Leaving  now  this  battle-shaken  ground  of  the  present,  I 
invite  you  to  follow  me  in  a  line  of  thought  more  directly 
concerned  with  our  own  profession.  It  may  seem  to  lead  us 
far  away  from  the  practical  actualities  of  our  time,  but  in  the 
end  we  may  find  that  it  is  not  without  real  bearing  on  the 
great  questions  which  are  likely  to  be  our  close  comjDanions  in 
a  not  very  distant  future. 

When  we  last  gathered  together  in  this  Hall,  in  June  of 
the  present  year,  it  was  to  take  part  in  the  seventieth  Annual 
General  Meeting  of  the  Institute  of  Actuaries.  We  belong- 
therefore  to  a  body  which  has  completed  the  term  of  three- 
score years  and  ten.  I  hope  Ave  may  say  that  its  eye  is  not 
dim,  nor  its  natural  force  abated.     Yet  the  attainment  of  such 
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an  age  may  pei'haps  not  unfitly  be  regarded  as  marking  a  kind 
of  epoch ;  especially  when  it  happens  to  coincide  -witli  a  world 
convulsion  that  seems  likely  to  lead  to  a  social  reconstruction 
of  a  character  which  we  can  just  now  only  dimly  surmize. 
We  have  some  excuse  for  looking  back  into  the  past,  an 
exercise  which  may  give  us  some  help  in  forecasting  the  future, 
and  which  is  at  all  events  a  much  surer  and  I  think  too  a  more 
profitable  process. 

In  November,  1853,  just  over  sixty-four  years  ago,  a 
paper  was  read  to  the  Institute  by  Mr.  H.  W.  Porter  "  On 
some  points  connected  with  the  education  of  an  Actuary.'^ 
The  ideal  there  sketched  by  the  author  is  a  high  one.  He 
stipulates  for  "  a  good  general  education — such  a  liberal 
education  as  a  university  course  provides."  This  is  to  include 
"  a  good  useful  knowledge "  of  Latin  and  Greek.  These 
languages  are,  among  other  uses,  to  assist  him  should  his 
Directors  require  him  "to  prepare  a  nosological  table  of  the 
causes  of  the  deaths  that  have  occurred  in  the  office."  In 
the  same  connection  he  is  to  have  "  some  knowledge  of  the 
physiology  of  the  human  frame."  Modern  languages  are 
also  recommended,  and  at  least  an  acquaintance  with  French. 
A  scientific  knowledge  of  statistics  is  required,  and  a  study 
of  schemes  of  social  improvement  as  affecting  longevity. 
Enough  law  to  become  "  a  valuable  coadjutor  of  the  legal 
adviser  of  his  Company "  is  thrown  in.  He  should  also 
be  "  a  good  accountant ", ''  a  ready  correspondent ",  and  "  well 
read  in  all  the  literature  appertaining  to  his  profession."  A 
knowledge  of  finance  is  also  essential.  All  this  is  added  of 
course  to  a  thorough  masterly  knowledge  of  arithmetic  and 
algebra  and  of  the  science  of  life  contingencies ;  with  a 
warning  that  geometry  should  not  be  neglected.  "A  perfect 
actuary  ",  says  Mr.  Porter,  "  should  be  a  kind  of  admirable 
Crichtou."  There  seems  indeed  to  be  little  of  the  admirable 
Crichton  left  out,  except  athletic  accomplishment :  and  this 
might  have  been  included,  had  golf  been  a  national  pastime 
in  1853. 

To  criticize  fairly  such  an  utterance  as  this  we  must  try 
to  place  ourselves,  in  imagination,  back  at  the  date  of  its 
delivery.  The  Institute  had  been  in  existence  for  six  years 
only.  Examinations  were  in  their  infancy.  Text-books,  as 
we  now  understand  them,  were  unknown.  The  outstanding 
feature  of  the  paper  is  its  obvious  motive  of  impressing  on 
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the  intending  actuary  a  sense  of  tlie  lionour  and  dignity  of 
his  profession.  There  could  be  no  worthier  object.  It  is  as 
true  now  as  it  was  then^  and  as  it  will  ahvays  remain,  that  in 
proportion  as  that  sense  is  felt  our  work  will  be  done  Avell. 
From  the  nature  of  the  case  such  an  essay,  Avhen  it  was 
written,  partook  largely  of  the  nature  of  a  forecast.  Th& 
great  critic  and  illuminator  of  all  forecast  is  experience. 
Sixty-four  years  of  development  lie  between  us  and  this  one. 
It  would  be  strange  if  by  the  aid  of  their  light  we  were  not 
able  to-day  to  revise  some  of  its  conclusions ;  to  place  its  main 
motive  in  a  setting  more  adapted  to  the  conditions  and 
demands  of  to-day. 

What  chiefly  occurs  to  us,  then,  when  we  make  this 
attempt,  is  that  while  the  author's  purpose  is  finely  conceived, 
there  is  something  lacking.  To  say  that  the  perfect  actuary 
should  be  an  admirable  Crichton  is  not,  after  all,  to  say  very" 
much.  In  a  sense  it  is  true ;  but  in  that  sense  it  might  as 
truly  be  said  of  the  perfect  banker,  the  perfect  accountant,, 
the  perfect  auctioneer.  In  the  comprehensiveness  of  the 
ideal  all  distinctiveness  is  lost;  and  distinctiveness  is  vital. 
Distinctiveness  then  we  must  find.  It  is  not  to  be  expressed 
in  a  sentence,  or  a  formula ;  but  I  think  it  will  grow  upon  us 
with  sufiicient  precision  by  a  consideration,  even  in  the  brief 
and  inadequate  fashion  which  alone  is  possible  this  evening,, 
of  some  features  of  the  history  of  our  science;  while  at  the 
same  time  the  consciousness  of  its  dignity  and  honour  should- 
be  intensified. 

The  beginning  of  the  stor}',  familiar  enough  to  most  of  us,, 
takes  us  back  far  beyond  the  existence  of  the  Institute,  to 
the  middle  of  the  seventeenth  century;  when  Latin  was  still  the 
''  Lingua  franca  "  for  learned  men  of  all  nations,  when  such 
men  were  still  comparatively  few  in  number,  and  when  fresh, 
ideas,  once  formulated,  spread  with  a  ready  freemasonry 
amongst  them  and  were  eagerly  received  and  developed. 
There  is  no  intention,  as  there  is  no  need,  to  retrace  in  detail 
ground  familiar  here  to  us  all,  but  it  is  surely  something  to 
be  proud  of  that  the  germs  of  the  investigations  which  made 
our  science  possible  are  to  be  traced  to  the  brain  of  a 
thinker  of  such  world-wide  eminence  as  Blaise  Pascal.  The 
possibilities  latent  in  the  application  of  the  principles  of 
probability  to  questions  dependent  on  the  duration  of  human 
life  were  readily  perceived  and    diligently  pursued   by    the 
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mathematicians  of  northern  Europe ;  England  was  not  found 
wanting-,  and  we  find  ourselves  in  the  line  of  succession  with 
the  great  name  of  Edward  Halley.  Thus  set  flowing,  the 
current  of  the  new  thought  gradually  set  towards  and  finally 
settled  in  our  own  country.  There  the  speculations  of  the 
philosophers  consolidated  themselves  into  practical  form. 
This  was  natural,  for  the  British  intellect  is  on  the  whole 
rather  practical  than  speculative ;  but  it  furnishes  another 
reason  why  Ave,  as  Britons  and  actuaries,  should  honour  our 
craft. 

It  is  possible  that  a  purist  might  take  objection  to  the 
words  "  actuarial  science  ",  pointing  out  that  what  is  meant 
is  not  a  science,  but  a  particular  form  of  applied  mathematics. 
Whether  this  be  strictly  so  or  not  it  will  be  convenient  for 
our  purpose  to  use,  for  conciseness^  sake,  the  word  rather 
than  the  phrase,  as  there  can  be  no  misunderstanding  what 
is  meant. 

Taking  this  liberty,  theu,  if  I  may,  it  is  to  be  observed 
that  a  new  science,  born  into  a  world  of  active  thought,  goes 
through,  in  the  earlier  period  of  its  development,  what  may 
be  called  a  romantic  stage.  It  attracts  attention  from,  and 
excites  interest  in,  a  wide  spread  circle  of  thinkers  and 
investigators.  This  is  a  historical  aspect  of  actuarial  research 
which  we  perhaps  do  not  think  of  very  often.  In  these  strenuous 
days  especially  we  have  little  leisure  for  contemplating  the 
past.  I  do  not  know  that  I  can  plead  in  defence  of  such  an 
exercise  that  it  is  likely  to  serve  any  immediate  practical  end, 
though  indirectly  perhaps  it  may.  But  anyhow,  in  the 
attainment  of  our  seventieth  birthday  we  are  entitled  to 
spend  a  few  minutes  on  looking  back  at  our  past ;  and  at  the 
earlier  years,  before  our  corporate  existence  began,  when  the 
forces  which  led  up  to  our  existence  were  shaping  themselves 
in  the  life  of  the  country. 

To  begin  with,  is  it  not  significant  that  Dr.  Eichard  Price, 
that  redoubtable  figure  of  the  later  eighteenth  century, 
classical  scholar.  Unitarian  preacher.  Radical  politician,  and 
adviser  (with  questionable  judgment)  of  William  Pitt  on  the 
National  Debt,  should  have  found  time  amono-  all  his  other 
affairs  to  construct  the  Northampton  Table  of  Mortality  ? 
That  is  typical  of  the  rising  flood  of  interest  surrounding  the 
childhood  of  the  new  science.  But  there  are  other  names 
more   immediately  appropriate  to  our  purpose.     One  thinks 
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for  instance  of  George  Barrett^  the  Surrey  farmer's  son,  who 
in  the  scanty  leisure  afforded  by  hard  daily  work  fought  his 
way  unhelped  through  the  mysteries  of  mathematics ;  toiled 
during  twenty-five  years,  while  by  other  labour  supporting 
himself  and  dependent  relatives,  at  the  compilation  of  a  mass 
of  assurance  and  annuity  tables,  and  arrived  by  independent 
discovery  at  the  Commutation  Method.  In  obscurity  and 
isolation,  his  only  help  for  the  arithmetical  work  required 
being  that  of  his  home  circle,  he  elaborated  the  invention 
which  was  to  prove  so  powerful  an  instrument  in  the 
actuary's  hands.  He  got  the  position  of  actuary  to  an 
assurance  company,  but  held  it  for  only  two  years.  His 
failure  to  obtain  public  recognition  for  his  work  shortened  his 
days.  It  seemed,  he  said,  as  if  "  thou  shalt  not  prosper " 
was  written  on  all  his  undertakings.  One  wishes  there  could 
have  been  granted  him  a  prophetic  glimpse  of  what  his 
invention  would  mean  to  those  Avho  followed  him. 

A  considerable  figure  of  a  very  different  kind,  who  also 
for  a  time  held  the  post  of  actuary  to  an  assurance  company, 
was  Charles  Babbage,  who  combined  mathematical  genius 
with  a  good  deal  of  rather  ungovernable  eccentricity.  He 
was  a  man  of  wit,  for  when  he  along  with  some  Cambridge 
associates  was  trying  to  get  the  notation  of  Leibnitz  for  the 
Calculus  established  in  place  of  Newton's  he  described  him- 
self and  his  friends  as  "promoting  the  principles  of  pure 
D-ism  in  opposition  to  the  Dot-age  of  the  University."  He 
had  a  European  reputation,  and  has  left  to  actuaries  one 
conspicuous  gift  in  his  well  known  Table  of  Logarithms. 
His  versatile  intellect  ranged  over  many  fields.  We  know  his 
little  book  of  1826  on  the  life  assurance  offices  of  that  day. 
Even  now  it  may  be  read  with  profit.  But  his  mental 
activity  was  endless.  Co-operative  workshops,  the  inter- 
pretation of  ciphers,  the  prevention  of  railway  accidents, 
systems  of  signalling  by  lights,  the  construction  of  automatic 
chess  players,  are  only  a  few  of  the  subjects  which  engaged 
his  attention.  But  his  ruling  passion  was  the  art  of  mechanical 
calculation,  for  which  he  had  the  honour  of  receiving  the  first 
Gold  Medal  awarded  by  the  Boyal  Astronomical  Society,  and 
in  which  he  deserves  from  all  actuaries  the  tribute  due  to  a 
pioneer.  His  devotion  to  it  forms  a  pathetic  story,  for  it  was 
there  that  Avhat  he  deemed  lack  of  proper  recognition  made 
him  a  permanently  embittered  and  disappointed  man.      At 
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South  Kensington  Museum  are  still  to  be  seen  parts  of  the 
giant  machine  on  which,  out  of  his  own  fortune  and  the 
public  money,  some  £23,000  were  spent;  and  although  it 
remains  there,  in  a  sense  a  failure,  we  who  enjoy  the  benefit 
of  later  developments,  and  may  yet  see  more  powerful  develop- 
ments still,  may  not  unfitly  recall  the  words  "other  men 
laboured  and  ye  are  entered  in  to  their  labours/' 

Considering  these  cases,  we  are  led  to  what  seems  to  me 
one  of  the  most  remarkable  and  attractive  features  of  this 
early  period  of  our  science :  the  number  of  men  of  first  rate 
ability,  not  interested  in  it  primarily  for  any  professional  or 
commercial  reason,  who  were  drawn  to  it,  and  worked  at  it, 
as  a  new  mathematical  development  full  of  powerful  possibili- 
ties. Francis  Baily,  for  instance,  we  know  actuarially  as  the 
author  of  a  treatise  on  Annuities  and  Assurances  which  was 
for  long  the- standard  work  on  the  subject.  But  Baily  was 
far  more  than  this.  A  successful  stockbroker  and  excep- 
tionally able  man  of  business,  his  outstanding  reputation 
was  won  in  astronomy.  A  double  gold  medallist  of  the  Koyal 
Astronomical  Society,  one  of  its  fourteen  original  members, 
and  at  his  death  its  President,  his  labour  on  star-catalogues, 
and  his  success,  after  five  years'  arduous  labour,  with  the 
"  Cavendish  experiment  "  for  measuring  the  eai'th's  density, 
give  him  a  monumental  place  in  astronomical  research.  He 
was  conspicuous  in  trying  to  obtain  for  George  Barrett  that 
recognition  of  his  work  by  the  Royal  Society,  the  failure  to 
receive  which  was  one  of  that  luckless  man's  heaviest 
disappointments.  Baily  died  three  years  before  our  Institute 
Avas  founded,  but  all  actuaries  who  can  appreciate  a  single- 
minded  devotion  to  the  pursuit  of  knowledge  must  feel  proud 
of  tbe  association  of  such  a  name  with  our  science. 

The  mention  of  Francis  Baily's  name  suggests  another, 
and  I  venture  to  think  a  greater  one,  that  of  his  intimate 
friend  for  many  years,  Augustus  De  Morgan,  It  is  probabh* 
a  matter  of  personal  taste  and  temperament,  but  I  confess 
that  to  me  De  Morgan  has  always  seemed  one  of  the 
outstandingly  attractive  figures  of  the  Victorian  age.  His 
versatility,  his  vdt  and  hvimour,  his  simplicity  of  character 
and  inflexible  devotion  to  principle,  combined  with  his 
strength  and  acuteness  of  intellect  and  the  width  and  variety 
of  his  learning,  constitute  a  combination  w^hich  never  fails 
to  fascinate  me.     He  comes  closer  too  to  our  own  day.     All 
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liis  best  characteristics  are  sLowu  in  liis  inimitable  "Budget 
of  Paradoxes  '\  wliicli  I  think  it  one  of  our  greatest  honours 
to  possess  in  serial  form  in  our  Journal.  As  for  his  humour, 
it  is  of  the  kind  that  makes  the  Avhole  world  kin.  Who 
could  feel  anything  but  kindness  for  a  man  who  having  in  a 
letter  to  a  friend  emphatically  delivered  his  mind  on  a  serious 
subject,  instead  of  winding  up  with  the  familiar  Latin  tag 
"  Dixi ",  writes  "  Richard's  optic  "  ?  Further,  as  well  as  being 
an  outstanding  man  he  belongs  to  a  remarkable  period :  a 
period  typified  by  that  Association  for  which  so  much  of  his 
best  work  was  done,  and  which  in  its  twenty  years'  existence 
accomplished  so  much  good,  "  The  Society  for  the  Diffusion 
of  Useful  Knowledge."  That  time  was  a  remarkable  one  in 
our  intellectual  history.  The  spirit  of  new  knowledge  was  in 
the  air.  It  pointed  oat  possibilities  in  many  directions,  and 
gave  birth  to  many  enthusiasms.  Some  of  them  are  by  this 
time  chilled  and  forgotten,  but  we  are  none  the  better  for 
that  as  a  people,  and  some  of  us  envy  the  veterans,  now  so 
few  surviving,  Avho  can  look  back  on  that  period  in  the 
spirit  of  Wordsworth's  great  phrase  ''  Bliss  was  it  in  that 
dawn  to  be  alive.^'  For  along  with  this  joy  in  the  new 
learning  went  a  limitless  faith  in  the  enterprise  of  imparting^ 
it  to  the  people  at  a  cheap  price :  so  we  had  the  fruitful 
labours  of  Charles  Knight,  the  Chambers  Brothers,  and  John 
Cassell.  The  Society  I  have  mentioned  did  good  work  for 
our  own  subject  on  this  path.  Through  its  press  issued  our 
familiar  friend  "  Jones  on  Annuities ",  De  Morgan's  great 
treatise  on  the  Calculus,  and,  better  than  all,  the  "  Penny 
Cyclopaedia",  containing  several  actuarial  articles  by  him 
among  the  711  contributions  which  Avitness  to  his  exhaustless 
energy.  Our  own  Journal  also  is  enriched  by  similar  work 
from  his  pen,  and  we  have  his  separate  treatise  on  Probability 
as  applied  to  Life  Contingencies. 

Two  associated  names  of  remarkable  men  who  have 
contributed  to  our  science,  if  we  may  so  say,  from  without,, 
are  those  of  Peter  Gray  and  William  Orchard.  Gray  had  a 
long  life.  Orchard  died  in  youth.  Separately  and  in  concert 
they  are  responsible  for  some  of  our  most  useful  books  of 
reference.  Gray's  application  of  the  Gaussian  logarithms 
to  continuous  table  construction  was  a  triumph  of  ingenuity  ; 
while  Orchard's  development  of  a  fundamental  relationship 
of  two  functions  into   conversion   tables   produced    a   work 
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which  became  perhaps  more   intimately   the  actuary's  daily 
companion  than  any  other. 

Peter  Gray  was  an  Aberdonian.  In  mentioning  his 
name  we,  for  the  first  time  on  our  list,  "  crossed  the  border." 
I  would  do  so  yet  again.  Xo  actuary  who  honours  his  pro- 
fession should  foi'get  Edward  Sang.  Fond  of  the  study  from 
boyhood,  Dr.  Sang  developed  earl}"  into  a  brilliant  and  versa- 
tile mathematician.  Engineering  was  his  original  profession, 
but  the  greater  part  of  his  life  was  spent  as  a  teacher 
of  mathematics  in  Edinburgh.  His  work  in  mechanics^ 
the  science  of  naval  architecture,  hydrostatics,  and  astronomy 
was  original  and  valuable;  while  the  story  of  how  he 
impressed  the  population  of  Constantinople  by  the  prediction 
of  a  solar  eclipse  reads  like  the  famous  chapter  describing 
a  similar  exploit  of  Allan  Quatermain  in  Rider  Hag-gard's 
well-known  novel.  He  was  responsible  for  a  table  of 
Logarithms  very  extensively  used  by  our  profession  ;  while- 
another,  to  15  places,  in  47  volumes,  the  result  of  forty  years' 
labour,  lies  in  state  in  the  rooms  of  the  Royal  Society  of 
Edinburgh,  a  monument  of  scientific  devotion.  He  too  felt 
the  attraction  of  actuarial  science,  compiled  extensive  annuity 
tables,  wrote  essays  on  life  assurance,  and  a  treatise  for 
students  on  life  contingencies,  which,  notwithstanding  a 
rather  unfamiliar  notation  and  a  severely  compressed  style, 
is  of  great  value. 

I  close  this  catalogue,  which  I  trust  has  not  become 
wearisome,  ^\ath  the  name  of  Dr.  William  Farr.  To  him,  as 
his  biographer  fitly  says,  the  science  of  vital  statistics  may 
be  said  to  owe  its  foundation.  He  is  interesting  as  contri- 
buting a  new  element  to  actuarial  research.  He  approached 
the  subject  as  a  medical  man  and  a  statistician.  To  him  we 
owe  the  origin  of  that  co-operation  of  the  population  registrar 
and  the  actuary,  which  for  that  great  branch  of  actuarial 
science  which  is  concerned  with  national  vitality  we  may 
call  the  breath  of  life.  In  his  hands  the  Registrar-General's 
report  became  instinct  with  scientific  interest,  and  he  created 
the  English  Life  Tables.  Without  such  work,  enterprises 
in  the  interest  of  national  health  and  well-being,  which  have 
done  much  and  may  yet  do  much  more,  would  have  been 
impossible. 

Now  I  have  not  brought  these  names  and  reminiscences, 
together  for  the  purpose  of  giving  new  information,  for  I 
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suppose  little,  if  anything,  has  been  said  which  is  not 
familiar.  The  object  is  of  another  kind.  Here  we  have  a 
number  of  eminent  men,  varying  widely  in  experience, 
training  and  surroundings.  They  are  all  attracted  from  their 
individual  paths  of  mental  activity  to  study  something  which 
lies  outside  them,  and  that  the  same  thing.  AA'hen  we  view 
the  subject  thus  historically,  we  can  be  in  no  doubt  about 
Avhat  that  thing  is.  In  the  application  of  the  science  of 
probabilities  to  the  facts  relating  to  human  mortality,  the 
statistical  ascertainment  of  those  facts  and  the  application  to 
them  of  that  science,  combined  when  the  purpose  Avas  finan- 
cial with  the  laws  of  compound  interest,  they  found  something 
new  and  absorbing.  Here  then  Ave  have  arrived  at  the 
distinctiveness  we  sought,  and  can  thus,  while  doing  I  trust 
full  justice  to  the  spirit  of  Porter^s  ideal,  make  its  compara- 
tive formlessness  symmetrical  by  giving  due  place  to  its 
centre  of  gravity.  For  in  that  same  study  which  in  the 
days  of  its  j'outh  drew  to  itself  the  attention  and  the  help 
of  these  distinguished  workers  in  other  fields,  and  the 
possibilities  of  Avhich  are  unexhausted,  is,  and  ahvays  must 
be,  the  essence  and  the  distinguishing  mark  of  the  actuary's 
vocation.  As  regards  the  accessories  indicated  in  that 
utterance  of  1853,  it  Avould  be  idle  to  deny  their  value  :  but 
as  accessories,  if  we  would  get  the  true  perspective  of  our 
subject,  they  must  be  considered.  As  knowledge  on  all  sides 
multiplies,  and  specialization  is  more  and  more  forced  on  us 
as  a  necessit}',  it  Avill  be  for  individuals  to  select  from  these 
subsidiary  paths  as  temperament  and  circumstances  dictate  ; 
but  the  philosophy  of  the  matter  so  far  as  they  are  concerned 
will  be  best  expressed  by  the  spirit  of  Dr.  Johnson^s  famous 
saying  about  Greek :  "  Greek,  sir,  is  like  lace.  A  man  gets 
as  much  of  it  as  he  can." 

I  have  spoken  of  the  romantic  stage  of  actuarial  science. 
There  is  one  chapter  of  its  history,  very  different  from  the 
rest,  to  Avhich  that  description  seems  to  me  to  apply  in  some 
ways  more  deservedly  than  to  any  other;  and  Avhicli  no 
attempt  at  retrospect,  however  inadequate,  can  afford  to 
leave  unnoticed.  The  early  years  of  the  nineteenth  century 
saw  the  beginning  of  an  attempt  among  the  English  working 
class  to  stimulate,  and  organize  into  definite  form,  the 
Friendly  Society  movement,  which  in  scattered  and  spasmodic 
fashion  had  existed  for  more  than   a   hundred  years.     The 
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story  of  its  subsequent  development  to  its  present  stage 
cannot  of  course  on  an  occasion  like  this  be  sketched  in  the 
merest  outline,  even  were  the  knowledge  and  the  power  for 
such  a  task  mine,  which  they  are  not.  All  I  should  like  to 
attempt  is  a  very  brief  mention  of  how  actuarial  principles 
made  their  way  into  Friendly  Society  finance.  We  are 
fortunately  able  to  trace  this  from  the  full  records  we  possess 
of  the  rise  and  progress  of  one  great  typical  organization, 
the  Manchester  Unity  of  Oddfellows,  through  which  that 
work  was  done.  The  story  is  told  in  Mr.  R.  VV.  Moffrey's  most 
interesting  book  "  A  Century  of  Oddfellowship  '\  to  which  I 
gratefully  acknowledge  my  indebtedness.  During  the  first  half 
of  the  last  century,  while  energetic  leaders  were  successfully 
enlarging  the  organization,  and  building  it  up  into  a  coherent 
whole,  the  more  farsighted  among  them  were  made  more  aud 
more  keenly  alive  to  the  fact  that  among  the  units  Avhich  they 
were  thus  binding  together  there  was,  and  most  naturally, 
a  pi'ofound  ignorance  of  the  elements  of  the  science  of 
adjusting  contributions  to  benefits,  an  observance  of  which 
was  essential  to  avert  disaster.  The  occasion  was  grave,  and 
was  met  with  courage.  We  can  form  no  adequate  idea  of 
the  difficulties  of  suspicion,  inertia,  and  disbelief,  which 
from  the  nature  of  the  case  would  lie  in  the  path  of  the 
reformers.  The  leader  for  the  emergency  was  found  in 
Henry  Ratcliffe,  appointed  corresponding  secretary  of  the 
Unity  in  1848.  A  self  educated  man,  he  grasped  the 
necessity  of  the  situation  and  devoted  his  life  to  its  demands. 
In  1850  he  published  his  famous  "Observations  on  the  Kate 
of  Mortality  and  Sickness  existing  among  Friendly  Societies", 
with  appropriate  assurance  and  annuity  tables.  We  do  no 
injustice  to  the  previous  labours  of  Finlaison  and  Xeison  in 
saying  that  this  work,  in  all  the  circumstances,  was  epoch- 
making.  At  the  mass  of  material  there  presented  he  had 
laboured  long,  for  from  fifteen  to  seventeen  hours  a  day.  His 
salary  for  the  whole  duties  of  the  Secretaryship  was  £150 
per  annum,  and  for  the  extra  work  involved  he  received  a 
personal  remuneration  of  £50.  He  lived  to  repeat  this 
investigation  twice,  in  1862  and  1872,  each  time  in  the  light 
of  later  experience.  His  personality  and  energy  had  won 
their  battle.  On  his  death  in  1877,  while  his  full  ideal  had 
not  been  attained,  he  had  seen  and  done  enough  to  feel 
well  assured  that  the  light  would  spread  till  throughout  the 
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great  organization  for  which  he  had  lived  actuarial  solvency 
and  security  should  prevail.  That  great  possibility  Avas  due 
to  his  own  untiring  labour.  Mr.  Moffrey  well  says  it  justly 
entitles  him  '^  to  be  remembered  as  the  father  of  friendly 
society  actuarial  science.^'  His  work  was  taken  up  by 
Reuben  Watson,  long  his  close  colleague  in  the  effort,  and 
himself  also  a  self-educated  actuar}^.  He  too  has  passed 
away,  but  the  influence  of  the  achievement  of  these  men  and 
their  like  has  saved  one  of  the  greatest  developments  of 
national  thrift  from  failure.  When  we  look  back  as  actuaries 
on  the  development  of  our  science,  let  us  pay  them  the 
honour  that  is  their  due. 

There  is  an  interesting  reference  in  Mr.  Porter's  essay  to 
the  problems  which  come  before  the  actuaries  of  Reversionary 
Investment  Companies,  w^hich,  he  says,  "  are  of  a  far  higher 
order  than  the  ordinary  Assurance  Office  calculations."  What 
was  probably  meant  was  that  such  questions  presented  greater 
variety,  called  for  more  individual  initiative,  and  Avere  less 
-amenable  to  treatment  by  stereotA'ped  formulas.  The  subject 
is  an  interesting  one,  and  contributes  a  feature  of  its  OAvn  to 
the  history  of  actuarial  development.  This  Avas  certainly  a 
•case  in  which  our  science  opened  up  a  distinct  path  of  public 
serA^ce.  It  is  difficult  to  form  any  definite  conception  of  Avhat 
happened  to  reversionary  securities  before  scientific  ways  of 
dealing  Avith  them  began  to  be  established.  There  are  no 
accessible  materials  aA^ailable  for  such  a  purpose.  We  can 
only  arrive  at  a  general  suspicion  that  transactions  of  this 
kind  must  have  been  carried  on  in  obscurity,  that  they  were 
probably  associated  Avith  speculative  dealings  of  rather  a 
rapacious  and  discreditable  kind,  and  that  the  atmosphere  of 
the  Avhole  business  Avas  unattractive.  When  actuarial  science 
shoAved  hoAV  to  attach  to  such  prospective  interests  fair  and 
legitimate  present  A-alues,  the  air  Avas  cleared.  Securities  of 
this  character  took  their  proper  place  in  the  financial  market, 
as  proper  material  for  straightforAvard  bargains  in  AA'hich 
buyer  and  seller,  or  borrower  and  lender,  might  deal  on  equal 
terms.  So  far  as  the  actuary  himself  Avas  concerned,  the 
effect  Avas  educational  in  a  A'aluable  Avay.  He  Avas  brought 
into  relation  Avitli  a  Avidely  varying  body  of  investments, 
Avhich  he  had  to  A'alue  in  a  Avay  that  invoh^ed  forming  an 
estimate,  not  of  their  present  worth  but  of  that  which  they 
might  be  expected  to  possess  in  a  more  or  less  distant  future. 
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This  meant  a  forecast  widely  different  from  those  inherent  in 
his  other  "work.  The  probabilities  of  sickness  and  death  in 
the  case  of  a  Stock  Exchange  security  are  a  good  deal  more 
comjDlex^  and  difficult  of  appraisement,  than  those  of  human 
life.  To  deal  with  them  needed  knowledge,  both  actual  and 
historical,  of  the  money  market,  and  the  judgment  which 
from  the  past  and  present  could  make  some  practical  estimate 
of  the  future.  Gradually,  as  technical  methods  increased  in 
power  and  exactitude,  contingencies  of  the  most  intricate 
kind  were  brought  within  the  scope  of  ready  calculation, 
and  a  large  and  successful  business  has  been  developed. 
Actuarial  science  may  justly  be  credited  with  the  achieve- 
ment of  having  purified  and  organized  on  an  equitable  basis 
a  branch  of  finance  which,  by  releasing  for  present  use  capital 
not  otherwise  immediately  accessible,  has  doubtless  often 
played  a  useful  part  iu  the  development  of  national  resources. 
The  conventional  notion  that  it  is  the  spendthrift  only  who 
raises  money  on  his  expectations  is  as.  frequently  wrong  as  most 
conventional  notions  are.  It  may  just  as  easily  be  the  man 
who  can  put  immediate  capital  to  judicious  use,  and  to  help 
him  is,  as  I  have  said,  a  public  service. 

Eeversionar}^  transactions,  in  early  days,  before  we  had 
Institute  or  Journal,  must  have  been  the  material  for  many 
ingenious  devices,  and  elegant  approximations,  among  the 
older  actuaries,  of  which  no  record  remains.  That  reflection 
suggests  a  much  larger  one,  about  the  whole  growth  of  our 
science  during  that  now  distant  time.  When  we  consider 
what  scanty  materials,  compared  svith  those  we  now  possess, 
were  in  the  hands  of  our  predecessors,  we  realize  more  fully 
what  considerable  men  the}''  must  have  been.  The  conditions 
were  favourable  to  the  development  of  individual  capacity, 
independent  views,  original  thinking.  Before  the  Carlisle 
Table  saw  the  light,  or  such  a  thing  as  an  Offices^  Experience 
Table  Avas  thought  of,  some  of  the  older  actuaries  worked  on 
Tables  of  their  own  construction  from  their  own  records. 
Their  wisdom  Avas  contained  in  note  books  long  vanished, 
conversations  long  forgotten.  ''There  were  great  men  before 
Agamemnon'^,  but  all  these  memorials  are  faded  and  fled. 
We  shall  not  recover  them.  We  possess  some  of  their 
pamphlets  (notably  William  Morgan's  addresses  to  the 
Equitable  Society),  and  some  of  their  Tables;  but  the  setting 
of  the  whole,  the  personal  atmosphere  that  took  the  place  of 
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our  present  organized  publicity,  all  that,  wliicli  Avas  of  the 
essence  of  the  matter,  is  gone  beyond  recall,  Avith  the  entire 
social  order  of  which  it  formed  a  part. 

When  the  romantic  formative  period  of  a  science  is  over, 
it  gradually  settles  down  into  one  of  ordered  systematic 
progress,  which  while  supremely  useful  has  less  about  it  to 
attract  the  imagination.  I  suppose,  broadly  speaking,  we 
may  say  that  the  original  Actuaries'  Club  represented  the  old 
order,  and  the  Institute  the  new.  That  I  know  is  by  no  means 
a  perfect  division,  but  only  a  very  rough  one.  We  possess,  of 
course,  on  the  Institute  roll  the  names  of  many  illustrious  men, 
active  in  its  inception  and  throughout  its  earlier  years, 
Finlaison  (its  first  President),  Jellicoe,  Brown,  and  others,  who 
were  links  between  the  old  world  and  the  modern  day.  Even 
down  to  our  very  recent  history,  we  have  had  with  us  the 
honoured  presence  of  some  whose  recollections  and  whose  spirit 
united  the  present  and  the  past :  one  in  particular,  Ralph 
Price  Plardy,  who  seemed  to  carry  with  him  a  charm  from  the 
days  of  the  fathers  of  the  profession.  It  was  evident  in  the 
predominance  of  his  personality  over  his  formal  Avritten 
contributions  to  our  proceedings — substantial  as  their  value 
was  ;  in  the  seeds  of  suggestiveness  and  inspiration  sown  by 
him  in  the  minds  of  the  youuger  men  around  him,  and  bearing 
fruit  in  their  lives  and  work.  Gradually,  however,  the 
influences  which  had  shaped  the  beginnings  of  our  progress 
consolidated  themselves  into  a  middle  jDeriod  with 
characteristics  of  a  different  kind.  The  time  of  the  pioneers 
was  over.  First  principles  were  established,  and  the  lines  of 
further  advance  laid  down.  The  attention  attracted  from 
distinguished  mathematicians  outside  the  ranks  of  the 
profession  inevitably  slackened  ;  and  the  economic  conditions 
of  the  time  associated  its  members  more  and  more  closely  in 
one  practical  interest,  the  propagation  and  building  up  of 
the  business  of  life  assurance  throughout  the  nation.  This 
atmosphere  is  evident,  for  instance,  throughout  the  whole  of 
Mr.  Porter's  essay,  and  obviously  controls  his  ideal.  It  would 
be  the  greatest  possible  mistake,  however,  to  suppose  that 
this  development  coincided. with  any  diminution  of  powerful 
mental  activity.  The  intensive  work  showed  certainly  no 
sign  of  such  a  tendency,  but  was  carried  on  with  keenness  and 
vigour.  Looking  back  upon  that  time,  and  endeavouring  to 
view  it  in  its  true  perspective,  we  see  running  through   it  as 
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its  central  outstanding  feature  -what  Ave  sliould  naturally 
expect ;  the  endeavour  to  perfect  tlie  statistical  basis  on  -which 
the  woi-k  -was  to '  be  founded.  If  the  actuary's  main  sphere 
for  the  period  was  to  be  that  of  life  assurance,  the  existing 
tables  of  mortality,  constructed  from  general  population 
returns,  were  not  the  most  suitable.  The  tools  must  be  more 
closely  fitted  to  the  task,  and  so  we  have  the  great  repeated 
efforts  of  the  British  actuaries  to  obtain  tables  representing 
the  experience  of  assured  lives.  It  has  been  a  long-continued 
and  persevering  labour,  taking  form  in  three  successive  bodies 
of  results ;  each  in  volume  of  content  and  elaboration  of 
treatment  an  advance  on  its  predecessor.  Into  it  a  mass  of 
the  best  ability  of  our  profession  has  gone,  while  the  attendant 
processes  of  graduation,  and  of  appraising  the  influence  of 
medical  selection,  have  called  forth  mathematical  skill  of  a 
high  order.  When  we  were  dealing  Avith  the  farther  past,  it 
was  not  very  difficult  to  select  for  mention  a  few  outstanding 
names.  As  the  time  approaches  nearer  to  our  own,  the  number 
increases  ;  and  it  is  not  easy,  without  some  omission,  to  make 
a  choice.  I  can  only  ask  forgiveness  if  I  am  guilty  of  that, 
but  I  do  not  think  there  will  be  any  dissent  when  I  recall  as 
honourably  associated  Avith  the  great  enterprise  just  described 
in  one  or  other  of  its  branches,  the  names  of  J.  A.  Higliam, 
William  Sutton,  W.  M.  Makeham,  James  Meikle,  T.  G.  Ackland, 
W.  S.  B.  Woolhouse,  and  George  Francis  Hardy,  who  have 
passed  away,  and,  still  Avith  us.  Dr.  T.  B.  Sprague  and 
Mr.  George  King. 

Grouped  around  this  central  undertaking,  the  period  was 
fertile  in  much  other  research.  Tlie  quest  for  a  law  of 
mortality,  leading  to  the  brilliant  generalization  of  Gompertz, 
which  Avith  its  modifying  deA'elopment  by  Makeham  has  proved 
so  powerful  an  actuarial  instrument,  one  Avould  rank  next  in 
importance.  It  is  rather  curious  that  Mr.  Porter's  theory  of 
actuarial  education  lays  comparatiA^ely  little  stress  on  the 
higher  mathematics.  The  history  of  our  science  in  its 
subsequent  development  has  been  distinctly  to  emphasize  tlieir 
value.  It  is  not  uninteresting  to  trace  the  process.  Actuarial 
study  could  not  be  long  pursued  Avithout  recognition  of  the 
fact  that  it  was  primarily  concerned  Avith  a  branch  of  the 
doctrine  of  series  :  and  further  that  from  the  nature  of  the 
case  it  Avas  proper  to  assume  continuity.  This  led  directly 
to  the   Differential   and  Integral   Calculus.     For   some  time 
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there  was  hesitation  about  including  an  elementary  knowledge 
of  these  in  the  examination  syllabus.  Ingenious  demonstra- 
tions of  formulas  based  on  assumptions  of  uniform  annual 
distribution  of  deaths  Avere  the  result ;  but  the  cumbersomeness 
of  these  was  evident,  and  an  epochal  step  was  that  of 
Woolhouse,  when  in  his  essays  on  the  "  Continuous  Method  " 
he  boldly  applied  the  Calculus  both  to  mortality  and  interest, 
thus  obtaining  expressions  far  superior  in  elegance  and 
simpiicit}'  and  more  closely  in  accord  with  the  real  conditions. 
The  Gompertz-Makeham  formula  already  mentioned,  with  its 
reliance  on  transcendental  functions,  further  emphasized  the 
value  of  a  free  use  of  methods  in  advance  of  those  of  ordinary 
algebra.  On  all  hands  and  in  unexpected  ways  this  value 
revealed  itself.  The  brilliant  use  of  summation  formulas  in 
dealing  with  complicated  survivorship  contingencies,  which 
had  previously  eluded  any  expeditious  and  exact  method  of 
calculation,  may  be  given  as  an  instance.  The  cumulative 
evidence  from  all  sides  of  the  power  and  benefit  thus  derived 
could  not  be  resisted  ;  and,  first  optionally,  then  compulsorily, 
the  elements  of  the  calculus  were  introduced  into  the 
examination  tests  required  of  our  students.  No  such  experi- 
ment has  ever  been  better  vindicated  by  the  result.  The 
intending  actuary  of  our  day  is  in  the  jDOsition,  enviable  by 
.some  of  us  whose  training  belongs  to  an  earlier  period,  of 
being,  at  a  time  when  the  mind  is  plastic  to  new  impressions, 
familiarized  with  the  use  of  a  mathematical  tool  of  first-rate 
power,  the  mastery  of  which  at  a  later  age  is  very  much  more 
difficult  to  attain. 

If  it  is  a  correct  generalization  to  say  that  there  have  thus 
been  two  periods  in  British  actuarial  history,  distinguished 
from  each  other  by  some  recognizable  characteristics,  the 
same  reasoning  will  I  think  lead  to  the  conclusion  that  there 
is  yet  a  third,  of  which  we  may  say  that  it  is  still  opening 
before  us  and  that  we  as  yet  stand  on  its  threshold.  When 
looking  at  the  subject  in  this  light,  we  are  not  to  expect  any 
sharp  dividing  lines.  The  distinctive  features  of  change 
merge  into  one  another.  Many  of  those  which  become 
evident  have  long  before  been  latent,  and  it  is  only  when 
a  general  view  over  a  suificiently  wide  reach  of  time  is  taken 
that  the  differences  are  seen.  The  principle  at  work  is  really 
the  reaction][of  the  material  to  the  conditions  surrounding  it. 
It  would,  for  instance,  be  a  mistake  to  suppose  that  none  of 
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the  earlier  actuai'ies  were  conversant  Avitli  such  ideas  as  those 
of  framing  a  Life  Table  from  assurance  experience  or 
analyzing  the  effect  of  selection.  The  growth  and  consoli- 
dation of  life  assurance  business  made  such  problems,  as 
years  advanced,  both  practical  and  practicable. 

So  in  the  development  to  which  I  now  refer,  we  have  to 
think  not  of  a  transfer  of  the  actuary's  activity  from  one 
sphere  to  another,  but  of  the  opening  to  that  activity  of  a 
wider  field,  while  preserving  that  of  the  past ;  and,  in  that 
process,  of  briuging  into  concrete,  systematized  form,  much  that 
has  long  existed  in  a  more  or  less  fragmentary  and  fluid  state. 
A  good  instance  may  be  found  in  the  work  so  admirably  done 
for  Pension  Fund  Tables  by  the  late  Mr.  Manly.  Such  Funds 
had  existed,  and  been  subject  to  actuarial  advice,  long  before. 
It  was  when  the  subject  came  to  occupy  -wider  public 
attention ;  when  consequently  the  demand  for  guidance  upon 
it,  in  the  varied  and  complex  forms  it  was  assuming,  grew 
more  insistent,  that  its  codification  took  material  shape.  Now 
this  is  but  one  minor  case  of  a  general  tendency,  of  which 
I  feel  assured  we  have  as  yet  seen  only  the  beginning.  We 
may  measure  its  effect  in  another  and  quite  different  way. 
Speaking  to  us  in  1881,  one  of  our  most  experienced 
Presidents  could  say : — "  Men  have  occasionally  attempted  to 
''  practice  as  pure  actuaries,  and  have  put  a  brass  plate  on 
*'  the  door ;  but  whether  they  have  ever  taken  sufficient  fees 
"  to  pay  the  rent  of  their  offices  is  doubtful."  We  need  no 
more  striking  evidence  of  what  is  taking  place  than  to 
compare  those  words  with  our  experience  to-day.  There  is 
the  widening  field,  and  it  is  one  of  general  public  service. 

Let  me,  however,  emphasize  what  was  said  just  now,  that 
this  is  a  widening,  not  a  transfer,  of  activity.  The  actuary's 
place  in  the  life  assurance  sphere  is  as  central,  as  essential, 
as  ever.  Much  as  the  labours  of  the  past  have  clarified  and 
codified,  individual  judgment  and  initiative  will  always  be 
indispensable.  As  the  mass  of  observed  experience  in- 
creases, fresh  revision  of  it  for  tabular  purposes  Avill  be 
necessary,  and  its  growing  volume  will  make  possible  many 
useful  and  interesting  investigations  which  have  not  yet  been 
taken  up.  The  actuary  to  an  assurance  company,  moreover, 
has  unfailing  opportunities  of  usefulness  in  the  practical  study 
of  that  vitally  important  subject,  the  investment  of  its  funds. 
This,  in  the  daj's  that   lie   ahead  of  us,  will   demand    more 
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than  ever  watchful  and  well-trained  handling.  Of  all  such 
considerations  one  is  not  forgetful,  when  calling  attention  to 
the  developing  possibilities  for  actuarial  science  outside  their 
borders. 

But  those  possibilities  are  insistent,  and  important.  Here 
again  they  are  the  result  of  surrounding  conditions;  but 
conditions  in  this  case  greater  in  their  appeal  than  those  of 
any  particular  business,  conditions  of  the  national  life  as  a 
whole.  Movements  of  thrift  throughout  the  mass  of  our 
population  have  been  growing  for  more  than  a  century,  and 
have  been  gradually  coming  more  and  more  within  the 
shelter  of  actuarial  guidance,  but  the  intervention  of  the  State 
itself  as  an  active  participator  has  within  the  memory  of  us 
all  transformed  the  entire  situation ;  and  the  convulsion 
through  which  we  are  now  passing  as  a  people  will  have  the 
result  of  intensifying  the  sense  of  collective  responsibility 
and  effort  for  the  common  good.  Stronger  than  ever  in  such 
circumstances  is  the  need  for  the  help  of  the  actuary. 

In  this  connection  we  have  to  take  account  of  the  modern 
scientific  study  of  statistics,  associated  primarily  with  such 
names  as  those  of  Sir  Francis  Galton  and  Professor 
Karl  Pearson.  Its  rationale,  and  general  principles,  may 
be  grasped  by  anyone  possessing  the  usual  mathematical 
training  of  an  actuarv,  without  exceptional  difficulty ;  but 
its  more  elaborate  developments  call  for  some  rather 
severe  and  special  study.  It  is  more  or  less,  for  the  present, 
a  science  in  the  making ;  and  presents  an  ample  field 
to  the  trained  investigator.  Abstruse  as  it  may  seem,, 
and  in  some  respect  is,  its  object,  and  the  results  it 
seeks,  are  eminently  practical.  The  enormous  impor- 
tance of  statistical  inquiry  is  being  more  fully  realized; 
every  day.  Statistics  lie  at  the  base  of  every  material  aspect 
of  our  national  existence.  The  crude  methods  by  which  they 
were  often  treated  in  the  past,  the  pitfalls  of  which  their 
study  is  full  and  into  which  so  many  have  fallen,  have  made 
them  the  subject  of  popular  suspicion,  and  of  some  very- 
uncomplimentary  proverbs.  A  moment's  reflection,  however,, 
will  show  to  common  sense  that  from  their  accurate  comjDilation 
and  cori-ect  interpretation,  if  these  can  be  accomplished,  must 
follow  results  of  the  utmost  human  value.  Thus  much  should 
certainly  be  clear  to  the  actuary.  The  new  methods  for  their 
study  are  on  the  path  of  true  progress,  and  there  is  nothing- 
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fuller  of  future  potency ;  for  as  questions  relevant  to  tlie 
condition  of  the  nation  groAv  iu  importance,  so  will  statistical 
investigations  increase  and  multiply.  Here  is  surely  a 
supreme  opportunity  for  actuarial  science  to  place  itself  in 
the  main  current  of  public  usefulness.  Contemplating  that 
field  of  great  possibility,  one  feels  instinctively  that  the 
actuary  should  be  there.  The  work  that  some  of  our  number 
have  so  done  and  are  doing  we  gladly  acknoAvledge  ;  and 
those  of  us  to  whom  advancing  years  deny  the  mental 
elasticity  sufficient  for  the  enterpi-ise  look  across  to  the 
promised  land  and  say  to  those  more  fortunately  circumstanced, 
"  Go  up  and  possess  it."  It  is  curious,  and  an  illustration  of 
what  has  been  said  as  to  tendencies  being  latent  before 
changing  conditions  make  them  evident  and  dominant,  to  find 
Dr.  Farr  writing,  more  than  sixty  years  ago  :  "  The  whole 
^''  connnerce  of  the  country  turns  on  contingencies  which 
''  demand  the  application  of  scientific  observation  and  cal- 
"  culation ;  and  as  English  agriculture  has  its  chemists, 
"  English  commerce  must,  to  keep  pace  Avith  it,  ultimately 
^'  employ  actuaries  to  calculate  the  risks  which  ai"e  now 
^'  only  roughly  guessed  at,  and  thus  extend  the  useful  sphere 
'^^  of  an  important  scientific  class  of  men."  The  result  of 
subsequent  experience,  while  it  might  alter  in  some  respects 
the  phrasing  of  that  statement,  but  confirms  its  principle. 

To  come  back  to  our  starting-point :  in  every  profession, 
trade,  or  business  there  is  for  a  man  no  surer  source  of 
inspiration  during  work  which  must  often  be  hard,  and — 
what  is  worse — often  monotonous,  than  a  sense  of  the  honour 
and  dignity  of  his  calling.  That  sense,  for  its  complete 
attainment,  depends  on  two  things :  a  worthy  history  in 
retrospect,  an  increasing  opportunity  of  public  service  in 
prospect.  As  evidence  of  the  first  I  have  tried  to  bring* 
together  a  few  facts  familiar  to  us  all,  the  excuse  for  gathering 
them  into  one  focus  being  the  circumstance  that  our  Institute's 
•existence  happens  just  now  to  have  completed  a  rounded 
•term  of  years.  As  evidence  of  the  second,  I  point  to  the 
conditions  surrounding  us  and  the  future  they  are  likely  to 
bring. 

The  actuary  occupies,  it  seems  to  me,  a  peculiarly  favourable 
position.  On  the  one  hand  he  is  the  exponent  of  a  science, 
concerned  with  exact  knowledge.  That  gives  a  consciousness 
■oi  natural  law,  of  first  principles,  of  boundaries  which  cannot 
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be  overstepped.  This  consciousness  has  a  cahning  and 
reguUiting  influence  upon  the  mind.  It  holds  in  check  all 
tendencies  to  fantastic  speculation^  to  unbalanced  activity,  to 
the  ti'eacherous  impulse  towards  seeing  things  as  one  wishes 
them  to  be,  instead  of  as  they  are.  It  is  a  stronghold  within 
which  to  take  refuge  when  confronted  with  error  or  fallacy. 
Then,  on  the  other  hand,  he  has  to  deal  with  men — their 
multitudinous  affairs,  their  divergent  personalities.  There  is 
no  more  wholesome  mental  exercise  than  that.  It  keeps  the 
faculties  alert,  corrects  any  tendency  to  pedantry,  applies  to 
any  fancy  for  theoretical  extravagance  the  saving  touch 
of  common  sense.  The  philosophy  evolved  in  the  study  has 
to  be  brought  into  the  market  place;  to  be  made  intelligible 
and  convincing  to  the  plain  man.  In  this  combination  of  the 
pursuit  of  scientific  accuracy  and  the  sense  of  public  utility 
there  is  surely  an  ideal  training.  We  are  missionaries  of 
warfare  against  the  hoary  and  deep-rooted  delusion  that 
theory  and  practice  are  enemies ;  and  our  Aveapon  is  the 
translation  of  scientific  truth  into  the  dialect  of  daily  inter- 
course. It  is  one  thing  to  prepare  some  scheme  of  communal 
benefit  which  is  the  best  that  the  financial  conditions  will 
allow,  and  another  to  vindicate  its  merits  to  the  satisfaction 
of  a  crowd  of  eager  participants  who  are  profoundly  convinced 
that  it  should  have  been  much  better.  A  differential  equa- 
tion and  a  discontented  policyholder  are  extremely  diverse 
difficulties.  The  man  who  can  successfully  negotiate  both 
has  attained  something  which  neither  alone  could  give  him, 
and  which  is  of  no  small  value.  This  is  what  our  education 
and  experience  taken  together  can  do  for  us,  and  it  is  in  the 
just  balance  of  the  academic  and  the  popular  elements  that 
the  problem  of  successful  achievement  lies.  More,  I  venture 
to  say,  than  successful  achievement  in  any  limited  sense ; 
for  the  man  Avho  can  be  equally  at  home  in  the  cloistered 
mental  seclusion  of  an  exact  thinker,  and  the  companionship 
and  understanding  of  his  fellow  men,  has  not  only  made  a 
professional  success :  he  has  widened  and  enriched  his 
entire  life. 

I  should  like  to  say  just  one  other  thing  before  I  have 
done.  It  is,  I  suppose,  something  depending  largely  on 
individual  temperament,  and  therefore  entitled  to  a  limited 
value  only,  as  such  utterances,  like  rivers,  can  rise  no  higher 
than   their   source ;    and  on  such  terms  alone  it   is    offered. 
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Expressions  of  that  kind  on  sucli  occasions  as  these,  whether 
they  be  right  or  wrong-,  may  perhaps  equally  serve  some 
useful  end,  as  indications  of  personality.  I  have  a  very 
strong  conviction  of  the  value  to  us,  as  to  all  professional 
men,  of  sufficient  touch  with  the  general  sum  of  what  is  said 
and  thought  ia  the  world  as  will  give  us  a  chance  of  viewing 
our  profession  not  only  as  a  thing  in  itself,  but  as  something 
which  is  a  part  of  an  infinitely  greater  whole.  This  is  not 
the  mere  familiar  theory  that  every  man  should  have  a  hobby, 
though  that  in  itself  is  good ;  and  when  we  hear  that  the  first 
actuary  of  one  of  the  oldest  British  life  offices  was  a  brilliantly 
famous  chess  player,  or  that  Joshua  Milne  had  an  unusually 
minute  knowledge  of  natural  history,  and  one  of  the  best 
botanical  libraries  in  London,  I  think  we  should  reckon  it  to 
them  for  righteousness.  What  I  mean  will  be  better  conveyed 
by  another  illustration.  One  of  the  greatest  pulpit  orators 
of  the  nineteenth  century,  when  speaking  on  one  occasion  to 
students  preparing  for  his  profession,  advised  them  throughout 
their  lives  assiduously  to  read,  adding  Avith  emphasis  that  he 
did  not  mean  exclusively  theological  reading.  Reading,  he  told 
them,  was  essential  for  keeping  the  mind  fresh ;  and  although 
what  they  read  might  seem  entirely  remote  from  their  subject, 
it  would  in  unexpected  ways  be  of  constant  help  to  them. 
I  do  not  think  anything  much  wiser  has  ever  been  said. 
However  well  a  man  knows  his  own  business,  I  venture  to  say 
that  to  have  the  power  of  viewing  it  from  without  as  well  as 
from  Avithin,  of  regarding  it  as  part  only  of  the  inexhaustible 
and  unfathomable  variety  of  the  world  in  which  Ave  li\"e,  and 
considering  it  in  its  relations  to  that  whole,  is  an  invaluable 
help  to  his  knowledge  of  the  thing  itself.  It  Avould  be  foolish 
to  say  that  this  can  or  should  come  from  reading  only.  Men 
and  minds  differ.  What  some  get  in  that  Avay  others  may 
get  from  art,  from  tra\'el,  from  the  discourse  of  finendship. 
But  in  some  form  to  have  it,  in  some  degree  to  enter  into  the 
spirit  of  the  saying,  "  Homo  sum ;  liumani  nihil  a  me 
alienum  puto,"  will  help  us  as  nothing  else  can  to  that 
largeness  of  conception  and  breadth  of  vicAV  in  dealing  Avith 
affairs,  which  mere  technical  absorption,  hoAvcA^er  excellent, 
tends  if  uncorrected  to  cramp  or  CA'en  to  paralyze.  For  AAdiich 
reason  I  prefer  to  close  Avith  words  not  my  OAvn,  the  simple 
directness  of  Avhich  cannot  be  improA'ed  upon ;  the  words  of 
one  long  preserA'ed  to  us  through  a  benign  old  age,  AAdiose 
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presence  now  removed  we  have  not  yet  ceased  to  miss  from 
our  gatherings  :  tlie  words  of  Arthur  Hutcheson  Bailey,  when, 
speaking  from  this  chair  thirty-six  years  ago  he  said, 

''  An  actuary  should  be  a  man  of  general  culture,  vfith  a 
"  knowledge  both  of  books  and  men,  and  the  more  he  has  of 
"  both  the  better." 


Yields  on  Redeemahh  Securities. 

Although  the  investment  yield  with  allowance  for  income- 
tax  has  long  been  famihar  to  students  of  the  theory  of  compound 
interest,  it  is  practically  imknown  to  the  ordinary  investor,  and 
has  not,  probably,  been  generally  adopted  even  by  actuaries. 

Several  causes  have  contributed  to  the  yield  of  theory  not 
having  become  the  standard  yield  of  practice.  One  is  that 
many  investors — a  majority,  perhaps,  in  number,  although  not 
in  amount — are  more  interested  in  the  immediate  return  on  their 
invested  capital  than  in  the  true  yield,  and  are,  consequently 
not  much  concerned  as  to  a  factor  which  aifects  only  the  latter. 
This  would  be  a  good  reason  for  quoting  yields  without  allowance 
for  either  profit  on  redemption  or  income-tax,  but  not  for  quoting 
with  allowance  for  the  one  and  not  for  the  other.  The  fact  that 
all  investors  are  not  liable  for  tax  at  the  full  rate  would  introduce 
a  little  difficulty,  but  the  difficulty  could  be  met  by  a  simple 
approximate  adjustment,  and  even  without  such  adjustment 
the  yield  with  allowance  for  tax  at  the  full  rate  would,  in  most 
cases,  be  nearer  the  true  yield  than  that  obtained  by  neglecting 
tax  altogether.  In  any  case,  the  point  is  not  one  that  afiects 
the  more  important  classes  of  investors  such  as  insurance 
companies  and  trust  companies. 

Another  contributing  cause  has,  no  doubt,  been  that  until 
quite  recently  the  allowance  for  income-tax  did  not,  as  a  rule, 
make  much  difference  in  the  yield,  and  that  since  it  has  become 
material  it  has  been  rather  overshadowed  by  more  important 
ffiiancial  factors.  Even  now  the  average  fijiancial  man,  although 
he  may  go  so  far  as  to  recognize  that  the  fact  of  the  profit  on 
redemption  not  being  subject  to  income-tax  is  a  "  good  feature  " 
of  an  investment,  is  inclined  to  regard  its  quantitative  measure- 
ment as  an  "  actuarial  refinement." 

A  third  cause  may  have  been  the  influence  of  the  American 
bond-value  tables.     The  question  of  income-tax,  as  a  factor  in 
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the  yield  on  securities,  did  not,  of  course,  arise  in  the  United 
States  until  quite  recently,  and  it  will  not  arise  now — as  affecting 
in  any  special  way  the  yield  on  redeemable  securities — if  it 
should  be  held  that  profits  on  redemption  are  subject  to  tax 
imder  the  U.S.  law.  It  is  not  milikely,  therefore,  that  the 
American  tables  will  be  continued  in  their  present  form,  and 
so  far  as  they  are  used  in  the  United  Kingdom  they  will,  in 
that  case,  tend  to  maintain  the  yield  without  allowance  for  tax. 
Incidentally,  an  interesting  problem  arises  as  to  the  yield  on 
-a  redeemable  security  subject  to  both  American  and  British 
tax,  supposing  the  former  to  be  charged  both  on  income  and 
increase  of  capital- value,  and  the  latter  on  income  only. 

A  more  effective  cause,  perhaps,  (at  any  rate  so  far  as  actuaries 
are  concerned)  than  any  of  those  mentioned,  has  been  a  doubt 
as  to  the  theoretical  basis  of  the  peld  with  allowance  for  tax. 
As  ordinarily  calculated  the  yield  with  allowance  for  tax  is  the 
yield  that  would  be  realized  (by  an  investor  subject  to  tax  at  the 
full  rate)  in  the  event  of  the  rate  of  tax  remaining  constant  at 
the  rate  in  force  at  the  time  of  calculation,  and  of  no  change 
taking  place  in  the  mode  of  assessment.  This  is  obviously 
mihkely  in  general  to  be  the  correct  yield,  for  it  is  improbable  that 
the  rate  of  tax  would  remain  constant  throughout  the  term  of 
any  security  except  one  maturing  in  a  very  short  time.  But  it 
may  be  expected  to  be  more  nearly  correct  than  the  yield  obtained 
on  the  basis  of  no  tax  at  all.  This  will  be  apparent  from  a  com- 
parison of  yields  on  any  reasonable  assumptions  as  to  the  future 
course  of  the  rate  of  income-tax.  Suppose,  for  example,  that 
during  the  term  of  a  security  redeemable  at  par  in  n  years,  and 
bearing  interest  at  rate  g  yearly,  the  rate  of  tax  were  to  increase 

or  decrease  from  t^  to  f;j  in  such  a  way  that    — ,  ^ — 7  ,  &c., 

X  tl  1   to 

were  in  arithmetic  progression.  The  gross  yield,  at  a  price 
of  1  —  k,  would  be  roughly 

Or  suppose  that  with  the  same  data  the  rate  of  tax  were  to 
increase  or  decrease  in  such  a  Avay  that  the  net  dividends  were 
in  geometric  progression  with  a  common  ratio  of  (1  +  \).  The 
^ross  yield  in  that  case  would  be  roughly 
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where  a',,  is  calculated  at  rate  \.  For  practical  values  of 
tn  or  X  either  of  these  expressions  would  be  much  more  nearly 
equal  to 


tn.-:4,]/[i-'^^] 


the  approximate  gross  yield  on  the  basis  of  a  constant  rate  of 
tax  ti  than  to 

the  corresponding  gross  3'ield  on  the  basis  of  no  tax. 

The  possibility  of  a  change  in  the  mode  of  assessment  is  more 
important  and  cannot  be  entirely  excluded.  It  is  possible,  for 
examj)le,  that  the  basis  on  which  life  assurance  companies  are 
assessed  might  be  fimdamentally  altered  so  that  calculations 
made  on  the  assumed  continuance  of  the  present  practice  of  taxing 
interest-earnings  would  no  longer  hold  good.  But  any  such 
alteration  would,  probably,  bring  compensating  advantages, 
and  the  possibiUty  of  taxation  being  extended  to  profits  on 
redemption,  while  interest-earnings  continue  to  be  taxed,  may 
perhaps  be  disregarded.  Apart  from  the  practical  difficulties 
which  such  a  change  would  entail,  it  would  clearly  be  inequitable 
in  view  of  the  large  number  of  investments  that  have  been  made 
on  the  basis  of  the  present  law.  Moreover,  it  is  a  reasonable 
assumption  that  if  at  any  time  profits  on  redemption  were  made 
liable  to  income-tax  existing  investments  would  be  exempt — on 
the  analogy  of  purchases  of  reversions  subject  to  old  rates  of 
duty.  This  might  not  be  entirely  satisfactory — nor  equitable 
as  regards  trustees  and  others  who  may  be  compelled  to  realize 
investments — because  market-values  would  still  be  affected 
adversely,  but  it  would,  at  any  rate,  enable  an  investor  who  had 
purchased  on  the  basis  of  the  existing  income-tax  law  to  realize 
his  anticipated  yield  by  holding  his  investment  mitil  matmity. 

While  each  of  the  foregoing  causes  may  have  accounted,  in 
some  degree,  for  the  yield  AA^th  allowance  for  tax  haAdng  remained 
more  or  less  an  academic  yield,  a  determining  cause  has  almost 
certainly  been  the  fact  that  no  table  of  pelds  on  this  basis  has 
been  published.  Sufficiently  simple  formulas  for  calculating 
the  yield  with  allowance  for  tax  in  individual  cases  have  been 
given  (see  Text -Book,  Part  I,  Kevised  Edition,  pp.  118,  121,  and 
J. I. A.,  vol.  xhx,  pp.  366-369),  but  a  formula,  however  simple, 
does  not,  in  practice,  answer  quite  the  same  pm-pose  as  a  table. 
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It  seems  worth  while,  therefore,  to  consider  the  practicabihty  of 
constructing  a  convenient  table. 

Since  (with  the  usual  notation)  the  net  yield  with  allowance 
for  tax  is  approximately 

[g{l-t)  +  hln]    '[l-'^^" 

it  follows  that  the  difference  between  the  net  yields,  ii  and  ^'o,. 
corresponding  to  two  rates  of  tax  ^i  and  to  would  be  very 
nearlv 

i,xg{f,-t,)l[ri{l-t,)  +  l-ln] 

which — so  far  as  k  and  n  are  concerned — depends  only  on  the 
ratio  kjn.  It  Avould  appear  therefore  that  a  table  of  net 
yields  for  a  standard  rate  of  tax — say  at  the  present  time 
5s.  in  the  £ — with  a  supplementary  column  of  the  values  of 

g(t2—ti)l[g{l  —  ti)+hjn']    for   t,—  fi  =  say  ^„  (corresponding  to 

a  difference  of  Is.  in  the  £  in  the  rate  of  tax)  would  give  the 
net  yield  with  approximate  accuracy  on  the  basis  of  any  rate 
of  tax  that  may  be  anticipated  within  the  next  few  years. 
A  simpler,  but  somewhat  rougher,  adjustment  for  a  difference 
in  the  rate  of  tax  would  be 

which  is  practically  independent  of  n  except  when  n  is  very 
small  and  may  be  taken  for  practical  purposes  as  equivalent  to 


g{t,-t,)  I  (i-^ky 


As  regards  the  table  itself,  the  most  convenient  arguments 
in  practical  use  would  obviously  be  the  price  and  the  unexjnred 
term.  A  table  for  these  arguments  would,  however,  be  open  to 
the  objections  that  the  useful  values  would  run  across  the  page  in 
a  comparatively  narrow  diagonal  band,  and  that  it  would  not 
lend  itself  well  to  interpolation.  If  the  table  were  sufficiently 
extensive  these  objections  might  be  outweighed  by  the  great 
practical  advantage  of  entering  the  table  directly  with  the  data. 
But  for  a  table  of  limited  extent  a  different  arrangement  would 
be  more  suitable.     The  approximate  formula 

[g{l-t)+kln]j[l-'^kj 

again  suggests  a  solution.     For  since  the  yield  corresponding  to 


^8 
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a  given  value  of  (j  depends  mainly  on  the  value  of  A-/n.  it  would 
appear  that  the  arguments  T^jn  and  n  would  give  a  compact 
table  and  one  in  which  first  difference  interpolation  should  be 
nearly  accurate.  Tables  are,  accordingly  appended  on  this  basis. 
It  will  be  seen  that  the  differences  in  both  directions  varv  slowlv, 
and  that  an  interpolated  value  for  n  +  m,  Ix/n  +  K,  may  be  taken 

as  approximately  i„j-!„+  _~ ^n  +  lO/cAi-;,,.     The  interpolation, 

being  of  a  simple  nature,  may  be  performed  by  inspection. 

For  example,  the  net  yield  allowing  for  tax  at  bs.  on  a 
3  per-cent  security  redeemable  at  par  in  33  half-years,  and 
bought  at  75  (so  that  k/n  =  -7o7o),  will  be  approximately 
4-14  +  -6  X -11 +  -575  X  •32  =  4-39;  and  the  yield  allowing  for 
tax  at  65.  would  be  approximately  4-39  — 4-0  x  •0439  =  4-21. 
The  correct  results  to  two  places  would  be  4-40  and  4"22. 

A  table  is  added  showing  the  adjustments  for  a  difference  in 
tax  by  the  alternatiA-e  method  mentioned  above.  In  the  fore- 
going example  the  adjustment  by  this  method  for  an  extra  Is. 
tax  would  be  —"17,  making  the  net  yield  4^22. 

Approximate  net  yield  (convertible  Half -yearly)  icith  AUoicance  for 
Income-tax  on  a  security  redeemable  at  par  in  n  half-years,  bearing 
interest  at  rate  g,  payable  half-yearly,  and  bought  at  a  discount  of 
h  per-cent 

g=-Q2o. 


n 

Net  Yield  with  Allowakce  for  Tax  at  os. 

A-  n 

•6         -7 

1 

•8     i     -9 

10 

1-1    !    1-2 

1-3 

1-4 

5 
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15 
20 
25 
30 
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40 
45 
50 
55 
60 

3-13  '  3-35 
3-18      3-41 
3-24  ''  3-48 
3-29  1  3-5o 
3-35      3-63 
3-42      3-71 
3-49      3-81 
3-56  '  3-91 
3-64     4-01 
3-73      414 
3-83      4-27 
3-93      4-42 

3-56      3-78 
3-64     3-87 
3-72      3-97 
3-81   :  409 
3-91  ,  4-21 
402      4-34 
414     4-49 
4-27     4-66 
4-42      4-85 
4-58  !     ... 
4-76  '     ... 
4-97  1     ... 
1 

4-00 
411 
4-23 
4-37 
4-51 
4-68 
4-87 

4'22 
4-35 
4-49 
4-65 
4-83 

4-44 
4-59 
4-76 
4-95 

4-66 
4-83 

4- 

; 

38 

Add  or 
deduct  %    1 
for          > 
difference    \ 
of  1*.  iu  tax 

j 
4-1    ^    3-8 

3-6        3-4 

3-2 
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2-9 

2-8 

2-7 
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FOR  Tax  at  5.s. 
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n 

•5 

•6 

•7 
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•8     1 

•9 

10 

11 
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3-95 
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4-60 
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10 

3-34 

3-57 

3-80 
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4-27 

4-51 

4 

75 

4-99 

15 

3-39 

3-63 

3-88 
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4-38 

4-64 

4 

91 

20 

3-44 

3-70 

3-96 

4-23 

4-51 

4-79 

25 

3-49 

3-77 

4-05 

4-34 

4-64 

4-96 

30 

3-55 

3-84 

4-14 

4-46 

4-80 
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35 

3-61 

3-92 

4-25 

4-60 

4  97 

.. 

40 

3-67 

4-01 

4-36 

4-74 

45 

3-74 

4-10 

4-49 

4-91 

50 

3-81 

4-20 

4-63 

55 

3-89 

4-31 

4-78 

... 

60 

3-97 

4-43 

4-95 

Add  or 

deduct  %     ) 
for         i 
difference    \ 
of  Is.  in  tax 

4-6 

4-4 

4-1 

3-9 

3-7 

35 

3-4 

3-2 

^=•035. 
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Net  Yield 

WITH  Allowance  for 

Tax  AT  5s. 

Ic/ii 

•3 

•4 

"5 

•6 

•7 

•8 

•9     1    1-0 

1 

11 

5 

3-25 

3-47 

3-68 

3-90 

4-11 

4-33 

455 

4-77 

4-99 

10 

3-28 

3-50 

3-73 

3-96 
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4-43 

4-66 

4-90 

15 

3-31 

3-54 

3-78 
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4-28 

4-53 

4-79 

20 

3-34 

3-58 

3-84 

411 

4-37 

4-64 

4-93 

25 

3-37 

3-63 

3-90 

4-18 

4-47 

4-77 

30 

3-40 

3-67 

3-96 

4-26 

4-58 

4-90 

35 

3-43 

3-72 

4-03 

4-35 

4-69 

40 

3-46 

3-77 

4-10 

4-45 

4-82 

45 
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3-83 

4-18 

4-56 
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50 

3-53 
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4-26 

4-67 
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Net  Yi 

ELD  WITH  Allowance  for  Tax 

AT  5s. 

hi 

n 

■2 

•3 

•4 

•5 

•6 

•7 

•8 

•9 

5 

3-42 

3-63 

3-85 

4-06 

4-28 

4-50 

4-72 

4-94 

10 

3-44 

3-66 

3-89 

4-12 

4-35 

4-59 

4-82 

15 

3-46 

3-69 

3-93 
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4-42 

4-68 
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20 

3-48 

3-72 

3-98 

4-24 

4-50 

4-78 

25 

3-50 

3-76 

4-03 

4-30 

4-59 

4-89 

30 

3-52 

3-79 

4-08 

4-37 

4-68 

35 

3-54 

3-83 

4-13 

4-45 
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40 

3-56 

3-87 

4-19 
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45 

3-59 

3-91 
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50 

3-61 
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4-32 

4-71 

55 

3-64 
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4-81 

60 
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4-46 

4-93 

Add  or 

deduct  %     / 

for         V 
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. 
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4-6 
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Net  Yield  with  Allowance  for  Tax 
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Approdmate  addition  to,  or  deduction  from,  net  yield  (ivith  Alloicance  for 
Tax  at  5.S.)  corresponding  to  a  decrease  or  increase  of  Is.  in  the  rate 
of  tax  {alternative  method). 
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Investments  a  Hundred  Years  Ago.    B>/  \V.  Palix  Eldertox. 

F.I.A. 

"  It  is  a  favourite  maxim  of  mine  that  history,  while  it  should  he  scientific 
"  iu  its  method,  should  pursue  a  practical  ohject.  That  is,  it  should  not  merely 
"  gratify  the  reader's  curiosity  about  the  past,  but  modify  liis  view  of  the  present 
"  and  his  forecast  of  the  future." — J,  E.  Seeley,  "  Expansion  of  England." 

J_T  is,  perhaps,  worth  wliile  at  the  present  time  to  go  back  to  the 
earher  records  ol  insurance  with,  the  hope  of  finding  out  ho^v  the 
old  masters  of  insurance  management  faced  the  problems  which 
arose  out  of  fluctuations  in  the  price  of  securities  due  to  inter- 
national political  events.  Every  insurance  generation  has  its 
fashion  in  investments,  but  the  main  principles  will  always  be 
much  the  same,  so  that  even  at  the  present  time  it  may  be  possible 
to  get  some  help,  or  at  any  rate  someinterest,  from  the  study  of 
the  investments  of  hfe  assurance  offices  made  many  years  ago. 
It  has  become  the  fashion  to  invest  in  various  classes  of  securities 
instead  of  to  restrict  investments  to  British  Government  funds 
and  mortgages  :  but  owing  to  the  wish  to  help  to  finance  the 
country  in  the  present  difiiculties,  and  partly  o-u^ing  to  the 
anxiety  of  the  Government  itself  in  this  connection  which  caused 
it  to  ask  insurance  companies  to  make  somewhat  substantial 
investments  in  War  Loan,  insurance  companies  at  the  present 
time  are  far  more  nearly  in  the  position  of  ha\ang  their  funds 
mainly  in  Government  securities  than  they  have  been  for  more 
than  fifty  years.  In  looking  back  into  past  records  it  is  difficult 
to  get  facts  which  are  suitable  for  investigation.  Few  life 
insurance  companies  had  funds  sufficiently  large  a  hmidred 
years  ago  to  make  their  investments  the  matter  of  extreme 
importance  which  they  now  appear  to  us  to  be.  There  was, 
however,  one  exception  to  this  general  rule,  namely  the  "  Society 
for  the  Equitable  As.surances  on  Lives  and  Survivorships,"  and 
the  present  notes  relate  merely  to  an  examination  of  the  invest- 
ment policy  of  that  Society  :  this  is,  perhaps,  especially  inter- 
esting because  its  affairs  were  controlled  during  the  difficult 
times  at  the  end  of  the  eighteenth  and  beginning  of  the 
nineteenth  centuries  by  a  man  who  might  be  described  as  the 
father  of  practical  actuarial  work  from  the  standpoint  of  hfe 
assurance. 

As  the  fmids  of  the  Old  Equitable  Society  in  1810  were  over 
three  milhons  and  were  increasing  by  £300,000  a  year,  the  problem 
of  investment  had  assumed  considerable  proportions.  Under 
its  original  deed  of  settlement  the  Societv  had  taken  what  seem. 
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to  be  fairly  wide  powers  of  investment,  for  the  clause  governing 
its  investments  reads  as  follows  : 

" the    premiums    of    assurance    paid    by    the 

"  Members  of  the  said  Society  (except  so  much  of  the  said 
"  premiums  as  shall,  by  a  General  Court  of  the  said  Society, 
"  be  judged  necessary  for  the  current  expenses  of  the  said 
"  Society)  shall  be  laid  out  in  Government  or  other  good  and 
"  sufficient  securities." 

Although  one  would  have  expected  from  the  wording  of  this 
clause  that  the  Society  could  have  invested  in  various  classes  of 
securities,  it  confined  its  investments  during  the  early  years 
entirely  to  Government  securities,  and  as  it  published  this  fact 
in  the  short  account  of  the  Society  which  served  as  a  prospectus, 
it  seems  to  have  been  felt  necessary  in  1778  to  put  the  matter 
before  the  members,  and  they  passed  a  bye-law  which  begins  by 
reciting  that  it  has  been  "  the  usage  of  the  Directors  to  invest 
"  the  monies  of  the  Society  altogether  in  the  Public  Funds,  and 
"  this  is  accordingly  published  in  the  succinct  account  of  the 
"  Plan  and  Basis  of  the  Society  as  the  usual  practice  ",  and  it  goes 
on  to  say  that  nevertheless  the  Directors  have  full  and  free 
liberty  to  invest  in  accordance  with  the  clause  in  the  original 
Deed,  and  adds  that  "  it  may  be  desirable  that  some  of  the 
'■  monies  should  be  laid  out  upon  different  securities,  presumably 
"  of  equal  validity,  rather  than  that  the  whole  should  rest  upon 
"  one  and  the  same  security."  Here  the  matter  seems  to  have 
rested  mitil  1858,  when  a  bye-law  was  passed  gi^'ing  the  Directors 
power  to  lend  on  policies  (in  this  connection  it  may  be  mentioned 
that  they  had  received  legal  opinion  from  Edward  B.  Sugden, 
J.  Campbell,  and  A.  R..  Sidebottom  in  1831  that  it  was  impossible 
for  them  to  do  this).  In  1865,  in  1876,  and  on  subsequent 
occasions  more  definite  powers  were  given,  but  we  need  not  dwell 
upon  these  in  the  present  connection.  It  is  probable  that  the 
Society  hmited  its  investments  to  Government  Annuities  in  the 
first  instance  because  the  Directors,  as  trustees,  did  not  feel  that 
they  had  power  to  invest  in  anything  else,  and  even  after  the 
somewhat  indefinite  bye-law  of  1778  they  may  have  been  influ- 
enced by  similar  considerations. 

We  may  now  turn  to  what  happened  in  the  actual  practice 
of  investment,  and  from  the  earhest  accounts  it  seems  that  the 
Society  had,  in  1767,  only  £6,000  in  the  3  per-cent  ConsoUdated 
Annuities,  and  £4,000  in  3  per-cent  Anno  1726  :  £2,000  of  the 
former  having  been  purchased  in  that  year  at  86|  and  £1,000  of 
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the  latter  at  88|-,  At  these  times  the  funds  were  growing  very 
slowly  because  more  than  half  the  business  was  for  a  term  of 
one  year  or  for  a  short  term.  It  may  be  of  interest  in  passing 
to  mention  that  the  Society  borrowed  £650  at  5  per-cent  from 
Charles  Gould  (afterwards  Sir  Charles  Morgan),  who  was  then 
Vice-President  of  the  Society,  to  enable  it  to  pay  a  claim  for  that 
amount  "  without  selhng  out  some  of  the  stocks  still  remaining 
"  in  the  Old  Trustees'  Names." 

From  1770  onwards  the  funds  of  the  Society  seem  to  have 
grown  steadily,  and  in  1772  the  various  Government  securities 
amounted  to  just  under  £30,000,  and  were  made  up  of  old  South 
Sea  Annuities,  Consolidated  xVnnuities,  Anno  1726  3  per-cent 
and  a  small  amount  of  new  South  Sea  holdings  at  3  per-cent. 
All  the  holdings  were  valued  at  86|,  which  seems  to  be  about 
one  point  lower  than  the  amount  paid  for  stock  purchased  during 
the  year  in  question  :  but  it  is  impossible  at  this  distance  of  time 
to  estimate  the  extent  to  which  accrued  interest  may  have 
appeared  in  the  prices  paid  for  securities  as  stated  in  the  accounts. 
In  1778  the  Society  sold  £20,000  of  stock  out  of  its  holding  of 
3  per-cent  Consohdated  Bank  .Annuity  "  in  order  to  purchase 
other  stock  "  :  a  point  worth  mentioning  if  only  because  it  shows, 
as,  in  fact,  do  many  subsequent  dealings,  that  the  idea  that  an 
insurance  company  may  refrain  from  looldng  for  opportunities 
of  making  profitable  sales,  was  not  the  view  of  these  pioneers  of 
life  insurance. 

In  1779  mortgages  appear  in  the  accomits  for  the  first  time, 
and  it  may  be  of  interest  to  mention  that  one  of  the  mortgages 
now  on  the  books  of  the  Society  was  granted  originally  in  June, 
1798,  although  it  has,  of  course,  in  the  meantime  had  to  pass 
through  the  vicissitudes  of  many  re-arrangements.  From  1779 
onwards  the  new  investments  were  divided  between  mortgages 
and  investments  in  the  Public  Funds,  and  at  the  beginning  of 
the  nineteenth  century  about  £400,000  was  invested  in  mortgages 
and  the  holdings  in  the  3  per-cent  and  4  per-cent  Annuities 
amounted  to  £1,290,000  and  £400,000  respectively. 

It  was  during  the  closing  years  of  the  eighteenth  century  and 
the  early  part  of  the  nineteenth  century  that  the  funds  of  the 
Society  were  growing  most  rapidly,  and  evidence  of  this  is  found 
in  the  large  new  investments  which  were  made  by  the  ofiice 
during  these  years.  It  frequently  appears  that  several  hundred 
thousand  pounds  of  new  investments  were  made,  and  as  the 
Society  was  granting  new  assurances  to  the  extent  of  a  million  of 
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sum  assured,  which  was  far  more  than  had  been  obtained  in 
previous  years,  it  was  clear  that  the  funds  of  the  Society  would 
be  expected  to  increase  for  a  considerable  period.  At  the  end  of 
1816  however,  the  Society  adopted  a  bye-law  which,  by  limiting 
to  5,000  the  number  of  policies  participating  in  profits,  had  the 
effect  of  discouraging  new  insurances,  and  although  the  funds 
continued  to  increase  for  several  years,  the  position  gradually 
imderwent  a  change,  and  after  the  funds  had  been  over  nine 
millions  in  1840,  they  gradually  dropped  until  they  were  about 
four  millions  in  1870. 

The  following  table  shows  the  investments  of  the  Society  on 
various  occasions,  and  may  give  some  idea  of  the  changes  that 
took  place  in  the  investments  that  had  been  made. 


Table  slioicing  Investments  {in  £l,000's)  of  Old  Equitable. 


Government  Stocks 

Year 

Kxchequer 
Bills 

Mortgages 

3% 

4^% 

3|% 

1773 

34 

1793 

357 

120 

197 

1803 

1,290 

400 

418 

1805 

1,905 

400 

412 

1810 

3,540 

400 

19 

402 

1815 

5.520 

400 

562 

1820 

7,800 

400 

729 

1825 

9,005 

380 

1,157 

1830 

8,130 

400 

2,181 

1835 

7,750 

400 

60 

2,812 

In  the  fifteen  years  from  1779,  when  mortgages  were  first 
■granted,  until  1793,  the  sum  laid  out  on  mortgage  reached 
£197,000,  and  by  1799  it  reached  £400,000,  at  which  figure  it 
remained  for  many  years.  Stacks  were  high  during  the  earlv 
period  covered  by  our  table,  but  from  1793  onwards  prices  fell 
and  between  that  date  and  1805  the  prices  of  3  per-cent  Govern- 
ment stocks  were  sometimes  below  50,  nearly  always  below  60, 
and  rarely  above  70.  During  the  following  ten  years  prices  were 
a  little  higher,  but  still  low,  and  while  they  were  never  below  55 
they  were  never  above  73.  After  1815  prices  improved,  and 
from  1828  onwards  3  per-cent  stocks  were  almost  always  above 
80  and  frequently  above  90. 

If  these  variations  in  the  value  of  the  Government  stocks  are 
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compared  with  the  changes  in  the  investments  indicated  by  our 
table,  it  A\ill  be  seen  that  the  amount  invested  in  mortgages  was 
not  increased  during  the  time  when  Government  stocks  were  so 
low  that  profitable  investments  could  be  made,  but  in  the  early 
period  before  the  low  prices  became  established,,  and  in  the  later 
period,  substantial  investments  were  made  in  mortgages.  Large 
amomits  of  securities  were  sold  between  1825  and  1840  in  order  to 
increase  the  amount  advanced  on  mortgage.  It  will  also  be 
observed  that  investments  were  made  in  Exchequer  Bills  as 
well  as  in  the  more  permanent  type  of  security,  and  these 
seem  to  have  been  bought  and  sold  from  time  to  time  so 
that  they  were  apparently  treated  as  a  convenient  temporary 
in  vestment. 

The  point  of  view  of  the  men  responsible  for  the  management 
in  these  early  days  was  that  when  the  price  of  securities  was  high 
it  was  -vN-ise  to  put  a  substantial  amount  on  mortgage  and  some 
investments  in  short-dated  securities  :  but  when  a  good  return 
could  be  obtained  from  permanent  investments  in  the  Public 
Funds  mortgages  were  neglected.  In  making  this  remark  I  may, 
perhaps,  be  accused  of  reading  into  past  actions  thoughts  which 
were  not  in  the  minds  of  those  of  whom  I  am  writing.  But  there 
is  evidence  in  some  of  the  addresses  of  William  Morgan,  and  in 
his  little  book  on  the  early  history  of  the  Old  Equitable,  that  he 
at  any  rate  appreciated  these  points  and  it  was  partly  his 
appreciation  of  them  that  made  him  fearful  lest  the  Society  ta 
which  he  had  devoted  so  much  energy  should  suffer  from  having 
to  make  investments  less  profitably,  and  it  is,  I  think,  clear  that 
this  was  one  of  the  reasons  which  led  him  to  advise  the  Directors 
and  members  to  restrict  the  new  business  so  that  such  profits 
as  had  been  due  to  temporary  advantages,  which  might  not  recur, 
would  not  have  to  be  spread  over  so  large  a  number  of  cases  as 
would  have  necessarily  followed  from  the  continuance  of  the 
large  amount  of  new  business  which  the  Society  had  been 
obtaining  from  1800. 

If  Seeley's  maxim  that  history  should  pursue  a  practical 
object  is  one  that  it  is  wise  for  us  to  follow,  we  may  endeavour 
to  see  what  can  be  learnt  from  the  information  we  have 
obtained. 

The  most  obvious  conclusion  to  be  drawn  is  that  it  is  possible 
to  frame  and  follow  a  consistent  investment  policy  which;  over  a 
period  of  years  will  avoid  the  dangers  of  depreciation  and  take 
advantage  of  appreciation.     Possibly  another  conclusion  which 
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ought  to  be  dl■a^\^l  is  that  an  insurance  company  can  make 
satisfactory  financial  arrangements  even  if  it  has  a  very  restricted 
field  of  investment.  When  set  out  in  this  way  these  conclusions 
seem  obvious  :  but  in  any  attempt  to  apply  them  in  practice  it 
is  necessary  to  face  the  difficulty  involved  in  deciding  whether 
we  are  passing  through  a  period  of  low  prices  or  are  merely  at  the 
beginning  of  a  long  fall  in  prices.  If  at  the  present  time  we  knew 
that  prices  of  securities  would,  on  the  average,  fall  15  or  20  per- 
cent in  the  next  five  years  and  then  rise  more  or  less  steadily 
there  would  be  little  difficulty  in  applying  general  principles. 
But  the  problem  in  practice  involves  an  estimate  of  the  course 
of  future  prices  and,  while  we  might  be  prepared  to  commit 
oui'selves  to  a  broad  statement  that  no  permanent  rise  can  take 
place  till  some  little  time  after  peace  and  therefore  to  iustify  the 
application  of  some  settled  policy  over  a  long  period,  we  are 
haunted  by  the  fear  that  a  small  misjudgment  of  the  course  of 
prices,  while  unimportant  over  a  long  term  of  years,  may  place 
us  in  a  difficult  position  as  regards  a  few  balance  sheets  in  the 
meantime.  In  this  connection  it  may  be  of  interest  to  record 
that  the  practice  of  the  Old  Equitable  was  to  take  market  prices 
when  valuing  securities — I  think  prices  must  have  been  taken 
at  1  November  instead  of  31  December,  when  the  valuation  was 
nominally  made,  as  all  valuations  were  based  on  assurances 
existing  at  1  November  on  the  assumption  that  they  would  remain 
in  force  till  the  end  of  the  year.  Morgan  referred  to  this  practice 
in  his  addresses  of  1825  and  1829  when  the  Society  was  investing 
in  mortgage  whenever  possible,  and  warned  members  not  to  look 
on  the  existing  prices  as  permanent  and  not  to  think  of  surplus 
in  terms  of  inflated  values.  However  this  may  be,  it  is  clear 
that  the  method  of  stating  values  of  securities  a  hmidred  years 
ago  was  optional,  while  at  the  present  time  we  are  restricted  in  a 
way  that  may  operate  severely  when  funds  depreciate  even  from 
a  temporary  cause.  Such  temporary  effects  cannot  be  foretold 
in  advance,  but  if  we  can  follow,  as  it  seems  to  me  Morgan  and 
his  Directors  followed,  an  investment  policy  based  on  a  broad 
outlook  over  a  number  of  years,  we  might  well  run  the  risk  of 
temporary  disappointments. 

At  the  present  time,  no  doubt,  everyone  responsible  for  the 
investment  of  life  assurance  funds  is  trying  to  read  rightly  the 
trend  of  prices  and  to  base  his  action  on  his  opinion.  I  am 
doubtful  if  modern  practice  will  peld  many  examples  of  greater 
foresight  than  that  of  the  men  responsible  for  investing  fife 
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insurance  funds  about  a  hundred  years  ago.  It  seems  to  me  that 
Morgan  and  his  Directors  made  and  followed  a  consistent  policy 
in  times  which  bear  some  likeness  to  our  own,  and  the  story  of 
their  efforts  may  be  useful  to  us  in  deciding  on  our  present  action 
and  in  making  our  forecast  of  the  future. 
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E  MORGAN  wrote  at  considerable  length,  and  almost 
with  enthusiasm,  on  Ai'bogast's  Method  of  Derivations, 
which  is  virtually  an  extension  of  Taylor's  Theorem.  He 
says,  "  Few,  even  among  mathematicians,  are  aware  of  the 
"  power  of  this  process  ....  which  Avell  deserves  to  be  made 
"  as  common  as  Taylor's  Theorem.  .  .  .  By  help  of  the  method, 
"  expansions  which  analysts  usually  avoid  as  much  as  possible, 
"  at  almost  any  expense  of  circumoperation,  are  carried  on 
"  with  the  greatest  facility  even  further  than  is  necessary.  .  .  . 

"  The  foundation  of  Arbogast's  methods  is  a  contrivance 
"  for  expediting  the  expansion  of  (f3{a  +  hx  +  ccc^+ .  .  .)  into  a 
"  series  of  the  form  A  +  B^+C.^^  +  .  .  .■"  De  Morgan  gives 
materials  for  proceeding  as  far  as  the  term  .  .  .  a'"- ;  "  not  that 
"  so  much  will  often  be  necessarj",  but  because  it  is  desirable  to 
"  show  with  how  little  trouble  questions  of  enormous  labour  in 
"  the  ordinary  way  .  .  .  may  be  looked  upon  without  dismay." 

Readers  who  desire  to  study  the  mathematical  basis  of  the 
method,  or  to  go  so  far  as  x^-  in  their  expansions,  should 
refer  to  De  Morgan's  Differential  and  Integral  Calculus, 
pp.  328-335  ;  also  to  the  article  from  his  pen  in  the 
English  Cyclopaedia  (title,  "Taylor's  Theorem '•'),  and  in 
the  Journal,  vol.  xii,  p.  206.  He  works  out  the  matter 
very  fully,  and  discusses  the  relation  between  Arbogast's 
process  and  the  Multinomial  Theorem  when  (f>{u)  is  w". 
Reference  may  also  be  made  to  a  brief  discussion  of  the 
method  in  Williamson's  Differential  Calculus.  The  object 
of  the  present  Note  is  to  give  the  formula  in  its  general 
form,  and  also  in  some  specific  cases,  as  far  as  the  term 
involving  x^,  which  will  be  amply  sufficient  for  most  practical 
purposes.* 

*  Those  who  wish  to  check  or  extend  the  formula  by  means  of  De  Morgan's 
tables  should  notice  that  he  omits  d;  i.e.,  our  a  +  bx  +  ex"  +  dx^  +  ex*  ....  is  his 
a  +  bx  +  ex-  +  ex'^  -^fx^  ....  so  that  after  e  each  of  his  letters  must  be  replaced 
by  the  preceding  one. 
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I. — General  Formula. — If  (l){a  +  hx  +  cx^+ )=A  +  Ba; 

4-C>r-  +  .  .  .  .  ,    then     denoting    the     successive     differential 
coefficients  of  (f>{a)  with  respect  to  a  by  cf)',  4>",  (f)'",  &c. 

A  =  (^(rO  =  0 

+  (x  +  ^>    +24^    +7-20^ 

It  will  be  observed  that  in  every  case  the  coefficient  of  ^' 
is  of  the  first  dimension^  that  of  cf)'^  is  of  the  second  dimension, 
and  so  on. 

The  above  coefficients  may  be  written  down  at  once  from 
De  Morgan's  tables  based  on  Arbogast's  theory,  and  in  the 
same  way  the  series  may  be  continued  to  any  extent.  But 
Avithout  reference  to  these  tables,  the  series  may  be  very 
simply  derived  (to  the  extent  to  which  we  have  here  used  it) 
by  the  following  method  (Cf.  De  Morgan,  /. 7.^4.,  vol.  xii,  p.  212) . 
Let  b  +  cx  +  clt-  +  .  .  .  =  z.     Then,  by  Taylor's  Theorem, 

<^(ft  +  bx  +  CcK^  ...)  =  (/) (a  +  xz)  =  </) (ft)  +  xz .  (f)'{a)  +  x'z' .  (j>"{a)j2  !  + 

and  if  we  expand  z-  as  far  as  x*,  z^  as  far  as  x^  and  so  on, 
by  ordinary  multiplication,  and  then  collect  coefficients  of 
X,  x^,  x^  .  .  .  x^,  we  shall  arrive  at  the  above  values  for 
A,  B,  C  .  .  .  G. 

II. — Exponential  F^^nction. — When  0('?f)=e",  ^,  (j)',  0".  .  . 
are  all  equal  to  e^.     Hence  e^'+^-^+'^*"+  •  •  • 
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l^hx  +  (c+  ^Jx-  +  U  +  fee  +  g-  JA^  +  [e^hd+-^  +  -^  +  ^4  J'^' 
/,     ,  ,     bM      he"      ¥c        b'\   . 

+  (^  +  ¥+^^+^  +  ^+*^^+6+^+-4   +24  +  720> 


+ 


III. — Logarithmic    Function. — When    ^{u)=\ogeti,    ^{a) 

120 

<f'^= ^,  .  .  .     Hence,  log e{o.  +  bx  +  cx"^  +  .  .  .) 

h        (c        V-\  .,  ,  fd      he       h^\  . 

=logea+-x  +  [ ^r^  F  + i  +  6-iK 

°  a        \a      2aV         \a       a^      3av 

"^  U      ^2a2^  "^  a^       4a'r 

ff     he  +  cd      hH  +  W      ¥c       h^  \  . 

/(/      26/'+2ce  +  cZ^      3?>^e  +  66cd  +  c^      2&\Z  +  3/jV      h'c ¥\^ 

■^  U         '     2^^  "^  3a3  2a^         "*■  a'      eaV'*" 


+ 


IV. — Power  Function.  (JSIultinomial  Theorem). — AVlien 
<^  (w)  =  w«,  <fi  (a)  =  a'^  <^'  =  na''-\  <^"  =  9i  {n  —  l)a"-2, 
<^'"  =  n(w— 1)  (n— 2)a'*~^   and   so    on.     Hence,  if   Ave   write 

Cy.  for   —i—, — '- i,  the  ordinary  binomial    coefficient    of   x^, 

r  !   {n  —  r)  V  "^ 

we  have   {a  +  'bx-{-cx~+  .  .  .)"■ 

+  (wcZa»-»  +  Co .  2&ca»-2  +  Ca&V'-^jcT^ 

+  [?iea«-»  +  Co  (2&fZ  +  c2)  a"-^  +  C3  •  Wca''-^+  C,¥a''-*']  x' 

+  [?^/a'^- •  + Co.  2 ( fee +  cr?)a«- 2 +  C3.  3 (fe2d  +  &c2) a" -^^ 

+  C4 .  4fe3ca«-' +  C5&  V  -  5]  c-e' 

+  [nga''-'  +  Co(2fe/+  2ce  +  d^)a''-'-  +  Ci{^hH  +  6&ccZ  +  c^)a''-^ 

+  C4(4b3fZ  +  66V)a''-^  +  C5 .  5bVa«-5+  Cfifc^a^-s]** 

+ 
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V. — Reciprocal    of    Function. — Putting    n  =  —  1     in    the 
preceding  formula,  Ave  have   {a+bx  +  c.vr-{-  .  .  .)~' 

_  1  _  h    _/c  _h^\  ,_  /d^  _  2hc      b^\  3 
a      a^'       \a^      a^J        yci^       a^       a*  J 

\d^  d^  a*       a^J 

_  //  _  2be  +  2cd      ShM  +  Shc-"  _  4¥c      h'\  ^ 
\a^  a^        "^  a*  a^  "^ }?/ 

_(9__  2})f+2ce  +  d^     ^h^e  +  ^hcd  +  c^     AhH  +  Qh%^  >  ^^  _  ^\.6 
\a^  a^  a*  a^  a^       a?) 


VI. — Reversion  of  Series. — If  y  =  ax -\- haj- +  cx^  + .  .  .  ,  then 

ic=  ^  -&  .^'  +  (262 _ac)  t  _  (^h^-oabc  +  aH)K 
a  a-'  a"  a' 

+  (7b-\  2b-' -Sac  +  '6a\  2bd+¥- a^e) ^„ 

y^ 


- (42^3.  b-'-2ac  +  28a^-.  bH  +  be'' - laK  be  +  cd  +  a*f)  ^ 
+ 

This  series   is  not    directly    derivable    from    the    general 
formula  in  Section  I,  but  it  is  known  that  if  y:=xf{x), 


_    y    ."^^Tv^  ^'*~' 


:x)rL=o 


/(O)    '„Z,Ln\dx--^[fix)]' 
which,  in  this  case  becomes  (since /(a,)  here  is  a  +  bx  +  cx- .  .  .) 
d»-' 


and  it  may  easily  be  seen  that  in  this  expansion  the  coefficient 
of  ?/'*  is  1/n  of  the  coefficient  of  x'"'~^  in  the  expansion  of 
{a  +  bx  +  cx'  +  .  .  )~".  These  latter  coefficients  may  readily  be 
written  down  by  the  aid  of  the  formula  in  Section  IV. 

If  the  oi'iginal  series  for  y  in  terms  of  x  be  convergent 
within  any  range  of  values  of  x,  the  reverted  series  for  x  in 
terms  of  y  will  be  convergent  within  some  range  of  values 
of  y ;  though  it  may  be  difficult  or  impossible  to  say  what  that 
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range  is  if  tlie  general  law  of  tlie  coefficients  in  the  reverted 
series  is  not  ascertainable.  It  must  not  be  assumed  that  the 
series  gives  a  unique  value  of  x  corresponding  to  any  particular 
value  of  7/ :  there  may  be  more  than  one  such  value  of  x.  For 
example,  if  y  is  sin  x  or  cos  x  there  will  be  an  infinite  number 
of  real  values  of  x  for  any  given  value  of  y  :  and  in  the  simple 
case  where  y  is  a  quadratic  expression  in  x,  say  y  =  ax  +  bx^, 

there  will  be  two  real  values  of  x  for  any  value  of  y  if  ^  >  —  jj^ 

qi  A(2 

and  no  real  value  if  "!  <  — -ttt,.     In  the  latter  case  the  series 

will  evidently  be  divergent.  In  general,  the  reverted  series 
gives  the  value  of  x  which  tends  to  zero  with  y. 

VII. — General  Formula  {alternative  form) . — The  following 
form  may  sometimes  be  more  convenient  than  that  given  in 
Section  I.     If 

</)(a  +  hx  +  c.  x'-/2  l  +  dx^S  !  +  ...)  =A  +  B.r  +  C  .  a-/2  !  +  D  .  x^jS  !  + , 

Then 

A=cf>{a)=<f, 

B  =  b(l>' 

C  =  ccj)'  +  b-(f)" 

J)  =  dcf)'  +  8hc(f)"  +  b^cj)"' 

F=f4>'  +  b{he+2cd)cf>''  +  b{2bhl  +  Shc'')(f>'''  +  10h'c(f)^'''  ^h'cf>''' 

G  =  g(j)'  +  {6hf+\bce  +  10d^)(j>"-tlb(b^e  +  4hcd  +  c^)c}i"' 

+  b{UH  +  9b'c^)(j>'''  +  lbh'c4>^'  +  b^(li'''- 

See  De  Morgan,  Differential  and  Integral  Calculus,  pp.  774-6. 

VIII. — Expression  of  Coefficients  in  Determinant  form. — The 
writer  is  indebted  to  Professor  E.  T.  Whittaker,  F.R.S.,  for 
the  remark  that  in  many  important  cases  the  coefficients  can 
be  expressed  as  determinants,  which  show  very  clearly  the  laAv 
of  the  series  :  and  (to  those  who  are  familiar  Avith  the  practical 
rules  for  the  evaluation  of  determinants)  it  is  much  easier  to 
compute  the  determinants  numerically  than  to  compute  the 
coefficients  from  the  expanded  algebraical  expressions.  A 
few  examples  are  given  beloAv. 

Professor  "Whittaker  informs  the  Avriter  that  formulae 
(iii)  and  (iv),  which  were  the  first  of  the  determinantal 
formulae  to  be  discovered,  were  given  by  Spottiswoode  and 
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4a 


Faure  in  1853-55.  Formula  (ii)  is  due  to  Faa  di  Bruno  (1855), 
and  the  corresponding-  formula  (v)  for  the  logarithm  to 
Grlaisher  (1879).  Formula  (i)  belongs  to  the  same  class,  but 
appears  to  have  been  given  explicitly  first  by  Segar  (1892)^ 
Formula  (vi)  is  a  combination  of  (i)  with  Burmann's  theorem, 
and  has  been  given  as  such  by  Professor  Whittaker  in  his 
lectures,  but  has  not  previously  been  published. 

(i)    {a  +  bx  +  cx-  +  dx^+.  .  .)'' 

i  nb         —a 


=  a''  +  na"-^bx+  - 


2  ! 


+ 


3! 


nb 

2nc 
3nd 


2nc     {n—l)b 

—  a 

{u-l)b 
(2«-l)c 


0 

-2a 
{n-2)b 


+ 


and  the  coefficient  of  x^'  is 
nb 
2nc 
3nd     I 
4<ne 


—  a 
(n-l)b 

2n-l)c 


0 

-2a 

[n-2)b 


{Zn-l)d     {2n-2)c  .  . 


where  the  determinant  has  r  rows  and  r  columns,  and  the  law 
of  its  formation  is  obvious. 


(ii)  e 


,o+6z+cx-+. 


:e« 


l  +  bx  + 


2! 


b       -\\         ^3 

2c     b   \     3! 


b 

1 
—  J. 

0 

2c 

h 

-2 

3d 

2c 

b 

■   b    -1      0       0 

'^  U   3d     2c      b     -3 
4e     3d     2c        b 


+ 


(lii) 


a  +  ^x  +  yx-+.  . 


a  +  bx  +  cx^-\- ...      a 

1 — ^ 

a- 

h    /3 

a 

0 

0 

a 

a     0 

a 

x^ 

x^ 

b 

a 

0 

/3 

a^ 

b     a 
c      I 

/3 
7 

a* 

c 

b 

a 

7 

d 

c 

b 

s 

+  . . 
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(iv)   Putting  a=l,  ^  =  y  =  B  ....  =0,  we    get   from   (iii) 


{a  +  bx  +  cx-  +  ...)-^=  -  —  -x+  - 
a      a-        a^ 


(v)   \og[\  +  ax-\-hx''+.  .  .)  = 


b     a     0 


a*  I 


h     a 
d     c     h 


+  . 


ax-^ 


a 
26 


+ 


+ 


+ 


(  — l)'^-'a;« 


a  1     0     0 

26  a     1     0 

3c  i     a     1 

4d  c     b     a 

a  1  0  0  0  .  . 
2&  a  1  0  0  .  . 
3c     b     a     1     0  .  . 


a 

1 

0 

o;^ 

2b 

a 

1 

4 

3c 

6 

(X 

n  rows  and  cols. 


(vi)  If  y  =  ax  +  hx-  +  cx^+.  .  .  ,  the  coefficient  of  y"  in  the 
expansion  of  x  in  powers  of  y  is  (see  Section  VI)  1/n  of  the 
-coefficient  of  x^*~^  in  the  expansion  of  {a  +  bx  +  cx-+  .  .  .)~". 
HencCj  writing  down  these  coefficients  by  means  of  (i),  and 
re-arranging  signs : 


If  y  =  ax  +  bx'^  +  cx^  + 


x='--b 
a        a 
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4!  a' 
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Sc 

bb 

2a 

[2d 

9c 

6b 
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+ 


{-l)n-yyn 


n  I  a'' 


nb  a  0  0      0 

2nc      {n  +  l)b  2a         0      0 

3nd    (2?i  +  l)c    {n  +  2)b     3a     0 


The  determinants  in  (vi)  can  be  simplified  before 
evaluation,  for  the  first  column  can  be  divided  by  7i,  and  then 
the  bottom  row  by  (7i  — 1). 


It  is  hoped  that  the  above  results  will  be  of  occasional  use 
to  some  who  may  not  have  access  to  the  works  cited. 

G.  J.  L. 
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LEGAL   NOTES. 
By  William  Charles  Sharman,  F.I. A.,  Barrister-at-Laio . 

Agents  know-     A.  FUETHER  cass   on  the    vexed  question  as  to 
facts notgiven^   whether  the  kiiowledj^e  of  the  affent  is  deemed  to 

in  proposal.  o  cj 

be  the  knowledge  of  the  Company  was  that  of 
Ayrey  v.  British  Legcd,  &c.,  Assurance  Company,  34  T.L.R.  111. 
This  was  an  appeal  before  A.  T.  Lawrence  and  Atkin,  J. J., 
against  a  decision  in  the  Blackpool  and  Fleetwood  County 
Court. 

The  appellant  was  the  executrix  of  one  Alexander  McKenzie, 
who  had  effected  an  insurance  on  his  life  by  a  policy  dated 
14  November  1914.  She  claimed  to  recover  the  amount  due 
under  the  policy,  but  the  defendants  refused  to  pay,  alleging 
that  Alexander  McKenzie  had  made  misrepresentations  on  his 
proposal  form,  and  had  withheld  material  information.  The 
misrepresentations  and  concealment  alleged  were  a  statement 
that  he  was  a  fisherman,  whereas,  in  fact,  besides  being  a 
fisherman  he  was  a  member  of  the  Royal  Naval  Reserve,  and 
at  the  time  of  making  the  proposal  he  had  been  called  up  for 
service. 

The  insured  expected  to  go  mine-sweeping,  and  while  waiting 
to  do  so  he  disappeared;  it  was  supposed  that  he  must  have 
fallen  overboard. 

At  the  trial  evidence  was  given  to  the  effect  that  the  agent 
of  the  defendant  company  knew  that  McKenzie  was  going 
mine-sweeping,  and  that  the  agent  so  informed  the  super- 
intendent, who  was  district  manager  of  the  defendants  ;  and  the 
superintendent  said  that  the  defendants  would  be  willing  to 
pay  on  the  policy,  in  spite  of  the  fact  that  the  insured  was 
going  mine-sweeping.  The  plaintifi  further  contended  that  as 
the  defendant's  superintendent  had  accepted  premiums  after 
he  had  full  knowledge  of  the  facts  they  could  not  now  refuse 
to  pay. 

The  County  Court  Judge  decided  that  there  was  no  evidence 
that  the  agent  who  took  the  proposal  ever  communicated  the 
facts  to  the  defendants  before  the  issue  of  the  policy,  and  he 
therefore  held  that  the  policy  was  void  ab  initio,  and  that  the 
receipt  of  premiums  by  the  superintendent  after  the  issue  of 
the  policy  did  not  bind  the  defendants.  He  therefore  gave 
judgment  for  the  defendants. 
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Mr.  Justice  Lawrence  said  he  did  not  agree  with  the 
conclusion  of  the  County  Court  Judge. 

The  assured  was  a  fisherman,  as  stated  on  the  form,  but 
he  was  also  called  up  in  the  Royal  Naval  Reserve,  a  fact  which 
•was  not  stated  on  the  form,  and  the  question  was  whether  his 
having  been  called  up  without  the  statement  of  that  fact 
vitiated  the  policy.  In  his  opinion  it  did  not.  True,  there  was 
a  provision  on  the  form  saying  that  omission  or  concealment  of 
material  facts  would  render  the  policy  void .  The  district  manager 
was,  however,  told  that  McKenzie  was  in  the  Royal  Naval 
Reserve,  and  it  was  only  reasonable  to  suppose  that  telling  the 
manager  was  equivalent  to  teUing  the  head  ofiice.  Commimi- 
cations  made  to  such  a  person  would  be  assumed  by  any 
reasonable  assured  person  to  be  commimicated  to  the  head 
office.  The  manager  had  no  power  to  make  a  new  contract, 
but  the  old  contract  subsisted,  and  any  objection  that  might 
have  been  taken  was  w^aived  by  the  subsequent  receipt  of 
premiums.     The  appeal  must  therefore  be  allowed. 

Mr.  Justice  Atkin  delivered  judgment  to  the  same  effect. 


The  case  of  hi  re  Jobson's  application  and  in  the 
MoJ'gag°ees  under  matter  of  Chcifman' s  Mortgage  has  attracted  con- 
<Emergency        sidcrablc  uoticc,  owlug  to  the  rules  laid  down  by 

Powers)  Act.  '  o  J 

Mr.  Justice  Eve  in  the  course  of  his  judgment 
regarding  the  rights  of  mortagees  as  modified  by  emergency 
legislation.  These  rules  are  of  peculiar  interest  to  those  life 
assurance  officials  who  have  to  deal  with  mortgages  and  are 
sometimes  faced  with  the  problems  dealt  with  by  the  learned 
Judge.  The  case  has  not  yet  appeared  in  the  Reports,  but  will 
be  found  in  The  Times  of  17  January  1918. 

The  facts  are  as  follows  : 

A  mortgage  was  created  in  July  1906  on  premises  in 
Eastbourne,  which  were  valued  for  the  purpose  at  £21,800. 
The  amount  advanced  was  £12,500  with  interest  at  4  per-cent, 
and  the  money  was  used  as  capital  by  the  mortgagors,  who  were 
traders  occupying  a  considerable  portion  of  the  mortgaged 
premises.  Notice  to  pay  oft  the  mortgage  was  served  on  the 
mortgagors  in  March  1917,  and  a  summons  for  leave  to  realize 
the  security  under  the  Courts  (Emergency  Powers)  Act  was  issued 
in  July  1917.  All  the  covenants  and  conditions  of  the  mortgage 
deed  had  been  duly  performed  and  observed,  and  the  principal 
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money  due  had  "been  voluntarily  reduced  by  annual  payments 
to  £8,350. 

Judgment  was  given  extending  the  time  for  the  repayment 
of  the  mortgage  debt,  on  condition  that  the  mortgagor  under- 
took to  pay  5  per-cent  interest  and  to  repay  out  of  principal 
£500  in  October.  In  the  course  of  his  judgment  Mr.  Justice 
Eve  said :  "  Experience  has  shown  that  considerable  miscon- 
"  ception  exists  as  to  the  purpose  and  effect  of  the  emergency 
"  legislation  with  which  this  application  is  concerned.  The  Act 
"is  not  for  the  rehef  of  insolvent  debtors,  still  less  for  the 
^''  conscription  for  the  benefit  of  debtors  of  the  property  of  their 
*'  creditors.  It  is,  as  its  name  impHes,  an  Act  designed  and 
'•'  intended  to  meet  some  of  the  emergencies  to  which  the 
"  present  state  of  war  has  given  rise,  and  the  particular 
"  emergency  to  which  the  sections  with  which  I  have  to  deal 
"  are  directed  is  the  inability  of  a  debtor  to  discharge  his 
'•'  obligation  on  the  date  when  it  falls  to  be  discharged.  In  all 
'■  cases  of  this  class  to  which  the  Act  applies  it  restricts  the 
:"  right  of  the  creditor  to  resort  to  his  legal  remedies  for 
""  enforcing  payment  to  the  extent  that  it  forbids  him  the 
"  exercise  of  any  such  remedy  until  after  an  application  has 
''  been  made  to  the  Court  for  leave  to  exercise  it.  Then,  by 
"  Sub-section  (2),  it  confers  on  the  Court  an  absolute  discretion 
•■  in  dealing  with  the  application,  subject  to  the  limitation  that 
•"  the  discretion  is  only  to  be  exercised  in  favour  of  a  defaulting 
"•'  debtor  if  the  Court  is  of  opinion  that  time  should  be  given  to 
"'  him  on  the  ground  that  he  is  unable  immediately  to  make  the 
"  payment  by  reason  of  circumstances  attributable,  directly  or 
"  indirectly,  to  the  war.  When  the  Court  is  satisfied  on  this 
'•  point  it  has  power  to  suspend  the  question  of  any  remedy  for 
•■  such  time,  and  subject  to  such  conditions,  as  it  thinks  fit. 

"  The  present  application  is  one  by  mortgagees  whose 
"  mortgage  debt  became  repayable  in  June  last,  and  who  apply 
"  for  leave  to  exercise  any  right  or  powers  vested  in  them  as 
'•  mortgagees  to  reahze  their  security,  and  in  what  I  am  about 
"  to  say  I  am  confining  myself  to  apphcations  of  a  similar 
"  character,  i.e.,  applications  by  mortgagees  against  defaulting 
•''  mortgagors.  In  the  ordinary  way,  where  a  mortgage  debt  is 
"  called  in,  the  mortgagor  meets  the  demand  in  one  of  three 
'■  ways  :  (1)  he  realizes  the  security  and  pays  off  the  mortgagee 
'•  out  of  the  proceeds;  or  (2)  he  provides  the  money  out  of  his 
"  other  resources,  and  takes  a  reconveyance;  or  (3)  he  gets  the 
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"  assistance  of  another  lender,  who  pays  off  the  mortgage  and 
"  takes  a  transfer  as  security.  The  last  of  these  courses  is  the 
"  one  most  usually  adopted,  and,  indeed,  it  is  almost  inevitable 
"  where  the  advance  is  of  a  large  amount,  which  is  treated  as 
"  capital  more  or  less  permanently  borrowed  for  business 
"  purposes  at  a  fixed  and  moderate  rate  of  interest. 

"  In  considering,  therefore,  whether  the  mortgagor  qualifies 
"  himself  for  the  exercise  in  his  favour  of  the  discretion  conferred 
"  by  Section  2  the  Court  ought,  in  the  first  place,  to  direct  its 
"  attention  to  the  question  how,  in  the  ordinary  course,  the 
"  particular  security  would  be  dealt  with.  A  man  who  had 
"  purchased  property  as  an  investment  and  borrowed  a  portion 
"  of  the  purchase-money  on  mortgage,  might — where  the 
"  mortgage  money  was  called  in — elect  either  to  realize  that 
"  investment  and  pay  off  the  mortgage  or  he  might  prefer  to 
"  realize  other  investments  and  pay  it  off,  or  he  might  just  as 
"  likely  determine  to  retain  his  investment  and  fuid  a  transferee 
"  of  the  mortgage.  On  the  other  hand,  a  man  who  had  borrowed 
"  money  on  the  security  of  property  in  his  o^^^l  occupation 
"  would  probably  be  limited  to  the  alternatives  of  paying  the 
"  debt  out  of  his  other  resources  or  of  obtaining  a  transferee ^ 
"  and  a  man  who  had  raised  money  on  the  security  of  his 
"  business  premises  and  had  employed  the  money  in  his  business 
"  would,  almost  of  necessity,  be  compelled  to  meet  the 
"  mortgagee's  requirements  by  obtaining  a  transferee.  Nor 
"  would  these  more  or  less  personal  considerations  alone 
"  determine  the  mortgagor's  action.  A  more  potent  factor 
"  would  be  the  value  of  security  in  relation  to  the  amount 
"  of  mortgage  debt. 

'■  It  may  perhaps  be  helpful  if  I  indicate  the  considerations 
"  and  conditions  which,  in  my  opinion,  can  fairly  be  regarded 
"  and  applied  in  ordinary  cases,  by  which  I  mean  cases  in 
"  which  the  relationship  of  mortgagor  and  mortgagee  subsists 
"  without  any  complication  arising  out  of  any  other  contractual 
"  relations  between  the  parties,  or  because  the  position  of  either 
"  party  is  exceptional. 

"  In  such  cases  the  following  furnish  good  working  rules : 

"  (a)  If  the  security  is  sufficient,  and  if  the  covenants  and 
"  conditions  of  the  mortgage  deed — other  than  the  covenant  to 
"  repay  the  principal  moneys — have  been  performed  and 
"  observed  the  mortgagor  ought  to  be  given  a  reasonable  time 
"  within  which  to  find  the  money  to  pay  the  debt. 
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"  (6)  The  reasonable  time  so  given  may  be  extended  if, 
"  in  cases  where  the  interest  reserved  is  less  than  5  per-cent, 
"  the  mortgagor  be  willing  to  pay  interest  at  the  rate  of 
"  5  per-cent,  and  still  further  extended  if,  in  addition,  he  is 
"  willing  to  pay  over  to  the  mortgagee  on  account  of  principal 
"  the  difference  between  the  net  rents  received  from  the 
"  mortgaged  property  and  the  interest  at  5  per-cent. 

"  (c)  In  a  like  case,  if  the  mortgagor  is  in  occupation  and  the 
"  proper  occupation  rent  is  in  excess  of  5  per-cent  interest  on 
"  the  debt  he  ought  to  attorn  tenant  to  the  mortgagee  at  the 
"  proper  occupation  rent,  and  pay  to  the  mortagee  interest  at 
*'  5  per-cent  and  the  excess  of  such  rent  over  the  5  per-cent 
"  interest  on  account  of  capital. 

'•  (d)  If  the  security  is  insufficient  but  interest  has  been 
"  paid  up  to  date,  and  the  other  covenants  and  conditions 
"  in  the  mortgage  deed  have  been  performed  and  observed  the 
"  mortgagee  should  not  be  exposed  to  further  loss,  and  time 
"  should  be  given  to  the  mortgagor  on  the  terms  that  interest 
"  at  5  per-cent  is  paid,  and  that  the  mortgagee  may  renew  the 
"  application  if  and  when  any  further  depreciation  in  the  security 
"  takes  place. 

(e)  If  the  security  is  insufficient  and  there  are  arrears  of 
"  interest,  but  not  to  a  serious  amount,  the  mortgagor  should 
"  be  required  to  clear  ofi  such  arrears  in  addition  to  complying 
"  with  the  terms  set  out  in  (d). 

(/)  "If  in  either  of  the  last  two  cases  the  rent  of  the 
"  mortgaged  property  or  a  proper  occupation  rent  therefor 
*'  exceeds  the  interest  the  mortgagee  should  be  allowed,  if  he  so 
"  desires,  to  appoint  a  receiver,  but  in  the  event  of  his  so  doing, 
"  in  a  case  falling  under  (e),  the  stipulation  requiring  the  mort- 
"  gagor  to  pay  off  the  arrears  of  interest  may  have  to  be  modified 
"  by  giving  him  a  reasonable  time  within  which  to  clear  them  off. 

"  (g)  In  cases  where  there  are  substantial  arrears  of  interest, 
'*  or  where  the  covenants  to  keep  down  ground  rents  and  other 
"  outgoings,  or  to  keep  in  repair  or  insure  have  been  broken,  the 
"  mortgagee  should  not  be  restrained  from  exercising  his 
"  powers,  in  the  absence  of  very  special  circumstances,  unless 
"  the  mortgagor  is  prepared  to  make  good  all  such  breaches 
"  forthwith  and  to  continue  under  conditions  similar  to  those 
"  enumerated  under  [d).  (e),  and  (/). 

"  Now  it  is  clear  that  in  this  case  if  there  was  no  war  the 
"  mortgagors  would  have  had  to  provide  for  repayment  by  a 
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"  transfer.  It  was  argued  that  they  had  not  brought  themselves 
"  within  the  protection  of  the  section.  But  I  am  satisfied,  on 
"  the  evidence  and  having  regard  to  the  general  conditions  of 
"  which  I  am  bound  to  take  judicial  notice,  that  it  is  almost 
"  impossible  to  obtain  the  necessary  advance  of  money  by  any 
"  transfer  of  the  mortgage  except  on  terms  which  would  leave 
"  the  borrower  in  a  position  which  is  many  times  worse  than 
"  that  which  he  occupies  in  existing  circumstances.  I  am  quite 
"  satisfied  that  they  have  established  a  case  within  the  section. 
"  The  mortgagors  have  brought  themselves  within  rule  («) 
"  mentioned  above,  and  they  ought  to  be  given  a  reasonable 
"  time  within  which  to  find  the  necessary  money. 

"  On  the  mortgagors  undertaking  to  increase  the  interest  to 
"  5  per-cent  and  to  repay  out  of  principal  £500  per  annum  in 
"  October,  I  defer  the  operation  of  the  mortgagee's  remedies  for 
"  one  year  from  to-day,  if  the  war  so  long  continues,  with  liberty 
"  to  apply  in  the  event  of  the  mortgagors  failing  to  keep  their 
"  undertaking.     The  costs  must  be  added  to  the  security." 


I  am  indebted  to  Mr.  G.  J.  Lidstone  for  a  copy  of 
mortlagesfor"  correspondeucc  with  the  Board  of  Inland  Kevenue 
amoSitl  on   the   subject   of  stamp   duty  on  mortgages   for 

unlimited  amounts. 

The  previous  practice  of  the  Inland  Revenue  Authorities  is 
dealt  with  by  Mr.  Barrand  in  "Further  Notes  on  Some  Legal 
Aspects  of  Life  Assurance  Practice  ",J.Z.^.,  vol.  xli,  pp.210, 211, 
and  the  extract  given  below  from  a  letter  from  them  dated 
7  January  1918,  indicates  an  alteration  in  their  attitude. 

In  the  case  in  question  a  mortgage,  dated  1  July  1884,  for 
an  unlimited  amount  w^as  stamped  £6,  that  is  to  cover  advances 
up  to  £4,800,  and  the  security  consisted  of  life  policies  in 
several  offices.  By  assignment,  dated  30  January  1885,  the 
mortgagees  sold  all  the  policies  to  third  parties  for  a  total 
consideration  of  £1 ,524 — which  it  will  be  observed  was  well  within 
the  amount  covered  by  the  stamp  duty — but  the  policies  were 
kept  up  by  the  purchasers  mitil  1917  when  the  life  assured 
died,  and  the  total  amount,  which  has  recently  become  payable 
to  the  assignees,  is  considerably  in  excess  of  £4,800,  the  amount 
covered  by  the  stamp.  In  the  first  instance  the  Inland  Revenue 
Authorities  ruled  that  the  offices  collectively  could  not  pay  a 
larger  total  amount  than  £4,800  without  requiring  the  mortgage 
to  be  further  stamped. 
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Further  correspondence  ensued  and  finally  the  Board  wrote  : 
"  Where  a  mortgagee  exercised  his  powers  of  sale  under  a 
"■'  mortgage  and  sold  the  policies  comprised  therein  the  Board 
"  will  not  hold  insurance  companies  responsible  for  penalty 
"  under  Section  118  of  the  Stamp  Act  of  1S91  if  they  pay  the 
''  full  amount  of  the  policy  claims,  even  though  that  amount  may 
"  exceed  the  amount  which  the  mortgage  is  stamped  to  cover, 
'■'  provided  that  at  the  date  of  the  assignment  to  the  purchaser 
'■  from  the  mortgagee  the  total  of  the  surrender  values  of  the 
"  policies  did  not  exceed  the  amomit  .which  the  mortgage  is 
"  stamped  to  cover.  In  the  present  case  it  appears  that  the 
'■'  mortgagee  sold  the  policies  under  the  powers  of  sale  conferred 
■"  by  the  mortgage,  and  that  at  the  date  of  sale  the  surrender 
'•  values  of  the  policies  amounted  to  less  than  £4,800,  the 
"  amount  on  which  the  mortgage  is  stamped,  and  the  Board 
"  will  accordingly  offer  no  objection  so  far  as  they  are  concerned 
'•'  to  the  payment  of  the  policy  moneys." 


The   unreported   case   of    Da    Costa   v.    Prudential 
Policy  issued  to    Assuraiice  Compani/  will    probablv   be    of  interest 

cover  funeral  i  o  i 


Conflict  of  claim. 


decision  of  the  Court  of  Appeal  upon  the  meaning 
of  Section  36,  sub-section  (2)  of  the  Assurance  Companies 
Act  1909. 

The  facts  are  as  follows  : 

Two  policies  of  assurance  for  a  total  sum  of  £21  were 
taken  out  in  1900  and  1905  respectively  upon  the  life  of  one 
Mary  Nicholl.  They  were  effected  by  her  son  Joseph  Sylvester 
Nicholl,  who  paid  premiums  upon  them.  Mary  Nicholl  died 
on  25  December  1916,  and  the  sum  assured  was  paid  by  the 
Company  to  Joseph  Sylvester  Nicholl,  who  delivered  up  the 
policies.  An  action  was  brought  by  the  executrix  of  Mary 
Nicholl,  a  Mrs.  Da  Costa,  who  obtained  judgment  in  the 
Liverpool  Court  of  Passage  for  £21  against  the  Company. 
Section  36,  sub-section  (2)  of  the  Assurance  Companies  Act, 
1909,  provides : 

"No  policy  effected  before  the  passing  of  this  Act  with  a 
"  collecting  society  or  industrial  assurance  company  shall  be 
"  deemed  to  be  void  by  reason  only  that  the  person  effecting 
"  the  policy  had  not,  at  the  time  the  policy  was  effected,  an 
"insurable  interest  in  the  life  of  the  person  as.sured,  or  that 
■"  the  name  of  the  person   interested,   or  for  whose  benefit   or 
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'  ou  whose  accoimt  the  poUcy  was  effected,  was  not  inserted 
'  in  the  pohcy,  or  that  the  insurance  was  not  one  authorized 
'  by  the  Acts  relating  to  friendly  societies,  if  the  policy  was 
'  effected  by  or  on  account  of  a  person  who  had  at  the  time  a 
'  hond  -fide  expectation  that  he  would  incur  expenses  in  con- 
•'  nection  with  the  death  or  funeral  of  the  assured,  and  if  the 
'  sum  assured  is  not  unreasonable  for  the  purpose  of  covering 
'  those  expenses,  and  any  such  policy  shall  enure  for  the 
'  benefit  of  the  person  for  whose  benefit  it  was  eff'ected  or 
'  his  assigns." 

The  Company  having  appealed  from  the  judgment  of  the- 
Liverpool  Court,  the  appeal  was  heard  before  Swinfen  Eady, 
L.J.,  Bankes,  L.J.,  and  Eve,  J.,  and  judgment  given  for  the 
aj)pellants. 

In  the  course  of  his  judgment  Lord  Justice  Swinfen  Eady  said  : 
"  The  learned  Judge  in  the  Court  below  has  found  that  Mrs. 
'  Nicholl's  son  took  out  the  policies  in  his  mother's  name  in 
'  relation  to  any  expenses  in  connection  with  her  death  he 
'  might  be  called  upon  to  bear.  I  do  not  think  there  is  any 
'  doubt  about  that.  He  also  finds  that  the  two  sums  for  which 
'  the  policies  were  effected  were  not  mireasonable. 

'•  Then  it  appears  that  after  the  death  of  Mary  Nicholl, 
which  took  place  on  the  25  December  1916,  the  son  made 
good  his  title  to  both  poHcies  to  the  satisfaction  of  the 
Prudential  Assurance  Company,  and  they  paid  him  the 
amomit  and  took  from  him  a  receipt,  and  he  delivered  up  the 
policies.  The  language  of  the  policies  is  that  upon  payment 
of  the  premiums  and  on  satisfactory  proof  of  the  death  of  the 
assured  the  company  will  pay  the  amount  assured  to  the 
executors  or  administrators.  Then  that  is  followed  by  a^ 
proviso  :  Provided  always  that  the  production  by  the  company 
of  a  receipt  for  any  sum  payable  heremider,  signed  by  any  person 
being  either  an  executor  or  administrator  or  the  husband 
or  wife  or  a  relation  by  blood  or  connection  by  marriage  of 
the  assured  shall  be  a  discharge  to  the  company  for  the  same, 
and  shall  be  final  and  conclusive  evidence  to  all  intents  and 
purposes  that  such  sum  has  been  duly  paid  and  received  by 
the  person  or  persons  lawfully  and  rightfully  entitled  to  the 
same,  and  that  all  claims  and  demands  whatsoever  against 
the  company  in  respect  of  this  pohcy  have  been  fuUy  satisfied. 
What  has  happened  is  that  the  Prudential  Assurance 
Company  had  produced  receipts  signed  by  the  son.  who  is.  of 
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*'  course,  a  relation  bv  blood,  and  they  say  that  is  a  discharge 
""  to  the  company. 

"  Of  course  if  that  defence  is  well  founded,  it  is  a  good 
discharge.  But  it  does  not  rest  there,  because  upon  the  facts, 
as  the  learned  Judge  has  foimd  them,  the  policy  enures  to  the 
benefit  of  the  son,  and  if  the  plaintifi  were  to  recover  she 
would  only  recover  as  trustee  for  the  son,  and  her  duty  then 
would  be  to  pay  the  sum  that  she  recovered  over  to  the  son. 
But  Joseph  Sylvester  Nicholl  has  already  been  paid  direct  by 
the  Insurance  Company  the  whole  amount,  and  where  money 
in  that  way  has  got  home  to  the  cestui  que  trust  it  is  not 
competent  for  an  executor  or  trustee  to  sue  again  for  the 
money  with  the  intent  that  he  or  she  shall  pay  it  over  again 
to  the  ceMui  que  trust. 
■■  Then  it  was  urged  that  the  present  case  was  not  within  the 
""  section,  because  the  name  of  Joseph  Sylvester  Nicholl  does  not 
'•'  appear  in  the  policy  itself.  But  the  section  is  intended  to  meet 
^'  a  case  of  that  kind.  It  says  that  '  No  policy  effected  before 
^'  the  passing  of  this  Act ' — and  both  these  policies  fulfilled  this 
''  condition — "'  shall  be  deemed  to  be  void  by  reason  only  that 
the  person  efiecting  the  policy  had  not,  at  the  time  the  policy 
was  effected,  an  insurable  interest  in  the  life  of  the  person 
assured,  or  that  the  name  of  the  person  interested,  or  for 
whose  benefit  or  on  whose  account  the  policy  was  effected, 
was  not  inserted  in  the  policy.'  The  section  continues  'any 
such  policy  shall  enure  for  the  benefit  of  the  person  for  whose 
benefit  it  was  effected  ',  that  is  to  say,  although  the  name  was 
"'  not  inserted  in  the  policy,  and  although  the  policy  itself  is 
'•'  silent  on  the  question,  nevertheless  it  shall  enure  for  the 
"  benefit  of  the  person  for  whose  benefit  it  was  effected. 

"  Therefore,  in  my  opinion,  the  appeal  should  be  allowed, 
'■  and  judgment  entered  for  the  defendants.'"' 
Lord  Justice  Bankes  and  !Mr.  Justice  Eve  both  agreed. 


Annuity  Reserves  and  Rates  in  the  United  States. 

On  8  November  last  Mr.  D.  P.  Fackler  wrote  as  follows  to 
Mr.  J.  D.  Watson,  Joint  Hon.  Secretary  of  the  Institute  : 

"  As  Corresponding  Member  of  the  Institute  for  the  United 
"  States,  it  appears  to  be  my  duty  to  inform  you  and  the  Institute 
"  of  the  following  facts  regarding  Annuties  : 
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"  The  Convention  of  the  Insurance  Commissioners  of  the  several 
"  States  at  their  Meeting  in  the  autumn  of  1916  adopted  a  resolution 
"  to  the  effect  that  in  computing  the  legal  reserves  to  be  held  for 
"  life  annuities  the  rate  of  interest  assumed  should  be  one-half  of 
"  1  per  cent,  higher  than  the  legal  rate  prescribed  for  the  computa- 
"  tion  of  the  reserves  for  life  insurances.  The  resolution  stated  the 
"  reasons  for  this  recommendation,  which  was  made  on  the  assump- 
"  tion  that  the  annuity  reserves  would  be  computed  upon  a  table 
"  fairly  rej)resenting  annuity  experience. 

"  In  consequence  of  the  above  action,  the  Legislature  of  the 
"  State  of  New  York  early  in  this  year  (1917)  amended  the  laws 
"  governing  the  proper  legal  reserves  to  be  held  for  insurances  and 
"  annuities,  so  that  the  legal  rate  to  be  used  in  the  computation  of 
"  annuity  reserves  should  be  4  per  cent.,  whilst  that  to  be  used  for 
"  life  insurances  is  3|  per-cent. 

"  Many  other  States  will,  doubtless,  follow  New  York  in  the 
"  above  action  when  their  Legislatures  meet  this  winter.  Several 
"  insurance  companies  have  already  reduced  their  premiums  for 
"  annuities  in  consequence  of  the  above  change  in  the  New  York 
"  Law,  and  it  is  likely  that  many  others  will  soon  do  the  same. 

"  Your  Corresponding  Member  has  been  much  interested  in  the 
"  general  subject  of  annuities,  and  presented  articles  thereon  at  the 
"  Meetings  of  the  Actuarial  Society  in  May  1914,  and  in  October 
"  1915,  which  may  be  found  in  the  Society's  Transactions,  and  may 
"  have,  in  some  measure  at  least,  contributed  to  bring  about  the 
"  above  leeislation."  * 


The   United  States   Government    Life    Assurance    Scheme  for 
Officers,  Men  and  Nurses  on  Active  Service. 

[We  are  indebted  to  Mr.  W.  A.  Hutcheson,  F.I.A.,  F.F.A. 
F.A.S.,  for  a  copy  of  the  Act  of  the  United  States  Legislature 
by  whicli  provision  was  made  for  the  assurance  of  officers 
and  men — and  the  nursing  staff  (male  and  female) — of  the 
United  States  Army  and  Navy  by  the  Treasury  War  Risk 
Insurance  Bureau.  We  extract  the  following  sections  from 
Article  IV  (Insurance). — Eds.  J.I.A.I  : 

Sec.  400.  That  in  order  to  give  to  every  commissioned  officer 
and  enlisted  man  and  to  every  member  of  the  Army  Nurse  Corps 
(female)  and  of  the  Navy  Nurse  Corps  (female)  when  employed  in 
active  service  under  the  War  Department  or  Navy  Department 
greater  protection  for  themselves  and  their  dependents  than  is 
pro"vided  in  Article  III,*  the  United  States,  upon  application  to  the 
bureau  and  without  medical  examination,   shall  grant  insurance 

*  This  article  provides  (without  payment  of  any  premium)  for  compensation 
in  the  event  of  disablement,  and  for  benefits  to  dependent  relatives  in  the  event 
f  death.— Eds.  J. I. A. 
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against  the  death  or  total  permanent  disability  of  any  such  person 
in  any  multiple  of  S500>  and  not  less  than  $1,000  or  more  than 
$10,000,  upon  the  papnent  of  the  premiums  as  hereinafter  provided. 

Sec.  401.  That  such  insurance  must  be  applied  for  within  one 
hundred  and  twenty  days  after  enlistment  or  after  entrance  into  or 
employment  in  the  active  service  and  before  discharge  or  resignation, 
except  that  those  persons  who  are  in  the  active  war  service  at  the 
time  of  the  publication  of  the  terms  and  conditions  of  such  contract 
of  insurance  may  apply  at  any  time  within  one  hundred  and  twenty 
days  thereafter  and  while  in  such  service.  Any  person  in  the  active 
service  on  or  after  the  sixth  day  of  April,  nineteen  hundred  and 
seventeen,  who,  while  in  such  service  and  before  the  expiration  of 
one  hundred  and  twenty  days  from  and  after  such  publication, 
becomes  or  has  become  totally  and  permanently  disabled  or  dies, 
or  has  died,  without  ha\dng  applied  for  insurance,  shall  be  deemed 
to  have  applied  for  and  to  have  been  granted  insurance,  payable  to 
such  person  during  his  life  in  monthly  instalments  of  $25  each.  If 
he  shall  die  either  before  he  shall  have  received  any  of  such  monthly 
instalments  or  before  he  shall  have  received  two  hundred  and  forty 
of  such  monthly  instalments,  then  $25  per  month  shall  be  paid  to  his 
wife  from  the  time  of  his  death  and  during  her  widowhood,  or  to 
his  child,  or  widowed  mother  if  and  while  they  survive  him  :  Pro- 
vided, however,  That  not  more  than  two  hundred  and  forty  of  such 
monthly  instalments,  including  those  received  by  such  person  during 
his  total  and  permanent  disability,  shall  be  so  paid  ;  and  in  that 
event  the  amount  of  the  monthly  instalments  shall  be  apportioned 
between  them  as  may  be  provided  by  regulations. 

Sec.  402.  That  the  director,  subject  to  the  general  direction  of 
the  Secretary  of  the  Treasury,  shall  promptly  determine  upon  and 
publish  the  full  and  exact  terms  and  conditions  of  such  contract  of 
insurance.  The  insurance  shall  not  be  assignable,  and  shall  not 
be  subject  to  the  claims  of  creditors  of  the  insured  or  of  the  bene- 
ficiary. It  shall  be  payable  only  to  a  spouse,  child,  grandchild, 
parent,  brother  or  sister,  and  also  during  total  and  permanent  dis- 
ability to  the  injured  person,  or  to  any  or  all  of  them.  The  insurance 
shall  be  payable  in  two  hundred  and  forty  equal  monthly  instalments. 
Pro\'isions  for  maturity  at  certain  ages,  for  continuous  instalments 
during  the  life  of  the  insured  or  beneficiaries,  or  both,  for  cash, 
loan,  paid-up  and  extended  values,  dividends  from  gains  and  sa"\dngs, 
and  such  other  pro\asions  for  the  protection  and  advantage  of  and 
for  alternative  benefits  to  the  insured  and  the  beneficiaries  as  may  be 
found  to  be  reasonable  and  practicable,  may  be  provided  for  in  the 
contract  of  insurance,  or  from  time  to  time  by  regulations.  All 
calculations  shall  be  based  upon  the  American  Experience  Table  of 
Mortality,  and  interest  at  three  and  one-half  per  centum  per  annum, 
except  that  no  deduction  shall  be  made  for  continuous  instalments 
during  the  life  of  the  insured  in  case  his  total  and  permanent  dis- 
ability continues  more  than  two  hundred  and  forty  months.  Subject 
to  regulations,  the  insured  shall  at  all  times  have  the  right  to  change 
the  beneficiary  or  beneficiaries  of  such  insurance  without  the  consent 
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of  such  beneficiary  or  beneficiaries,  but  only  within  the  classes  herein 
provided.  If  no  beneficiary  -n-ithin  the  permitted  class  be  designated 
by  the  insured,  either  in  his  lifetime  or  by  his  last  will  and  testament, 
or  if  the  designated  beneficiary  does  not  sur\'ive  the  insured,  the 
insurance  shall  be  payable  to  such  person  or  persons,  within  the 
permitted  class  of  beneficiaries  as  would  under  the  laws  of  the  State 
of  the  residence  of  the  insured,  be  entitled  to  his  personal  property 
in  case  of  intestacy.  If  no  such  person  surA-ive  the  insured,  then  there 
shall  be  paid  to  the  estate  of  the  insured  an  amount  equal  to  the 
reserve  value,  if  any,  of  the  insurance  at  the  time  of  his  death, 
calculated  on  the  basis  of  the  American  Experience  Table  of  Mor- 
tality and  three  and  one-half  per  centum  interest  in  full  of  all  obli- 
gations under  the  contract  of  insurance. 

Sec.  403.  That  the  United  States  shall  bear  the  expenses  of 
administration  and  the  excess  mortality  and  disability  cost  resulting 
from  the  hazards  of  war.  The  premium  rates  shall  be  the  net  rates 
based  upoai  the  American  Experience  Tables  of  Mortality  and 
interest  at  three  and  one-half  per  centum  per  annum. 

Sec.  404.  That  during  the  period  of  war  and  thereafter  until 
converted  the  insurance  shall  be  term  insurance  for  successive  terms 
of  one  year  each.  Xot  later  than  five  years  after  the  date  of  the 
termination  of  the  war  as  declared  by  proclamation  of  the  President 
of  the  United  States,  the  term  insurance  shall  be  converted,  without 
medical  examination,  into  such  form  or  forms  of  insurance  as  may 
be  prescribed  by  regulations  and  as  the  insured  may  request.  Eegu- 
lations  shall  pro\ade  for  the  right  to  convert  into  ordinary  life, 
twenty  payment  life,  endowment  maturing  at  age  sixty-two  and  into 
other  usual  forms  of  insurance  and  shall  prescribe  the  time  and 
method  of  payment  of  the  premiums  thereon,  but  payments  of  pre- 
miums in  advance  shall  not  be  required  for  periods  of  more  than 
one  month  each  and  may  be  deducted  from  the  pay  or  deposit  of 
the  insured  or  be  otherwise  made  at  his  election. 


EE  VIEWS, 


The  Mathematical  Theory  of  Population,  of  its  Character  and  Fluctuations, 
and  of  the  Factors  u-hich  influence  them.  By  G.  H.  Knibbs, 
C.M.G.,  F.S.S.,  F.E.A.S.,  ttc. 

[Pp.  xvi-i-466.     Melbourne:  McCarron,  Bird  &  Co.] 

This  lengthy  appendix  to  the  census  of  the  Commonwealth  of 
Australia  discusses  the  use  of  algebraic  or  trigonometric  functions  in 
interpreting  population  statistics,  and  applies  the  methods  to  the 
Australian  census.  After  an  introductory  chapter  Mr.  Knibbs 
proceeds  to  examine  the  way  in  which  population  fluctuates,  and 
although  he  gives  some  expressions  that  may  take  a  more  general 
form,  he  seems  to  think  that  the  normal  basis  of  change  of  population 
is  of  the  nature  of  a  geometrical  progression.     He  implies  that  the 
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geometrical  form  may  not  be  realized,  but  harks  back  to  it,  and 
must,  we  think,  feel  that  this  is  the  proper  starting  point.  There 
is  much  to  be  said  for  this  assumption  on  a  priori  argument,  but 
such  assumptions  are  apt  to  be  upset  by  a  '-'disagreeable  little 
fact."  When,  however,  Mr.  Knibbs  finds  that  a  variation  in  the 
rate  of  change  is  necessary  he  comes  much  nearer  to  the  facts  of 
the  case,  and  he  suggests  the  use  of  1  +y]t"^'^"^  as  an  expression  for 
dealing  with  the  rate  of  change  of  population  ;  the  constants  being 
obtained  from  three  observations  "  at  any  suitable  intervals." 

In  a  subsequent  chapter  Mr.  Knibbs  apparently  leaves  the 
question  of  curves  suitable  for  rates  of  increase  and  turns  to  fitting 
the  facts  themselves.  He  refers  to  the  Pearson  type  curves,  and 
after  sa^ang  "  although  the  type  curves  .  .  ,  fulfil  their  general 
^'purpose  fairly  well,  experience  shews  that  their  'fitting  poicer  ' 
"  is  somewhat  limited  ",  he  gives  what  he  calls  a  "  flexible  curve  " 
of  the  form  Ajf'e"^''.  This  curve  does  not  lend  itself  to  fitting 
by  moments  or  by  a  systematic  method,  and  Mr.  Knibbs  says  we 
must  take  several  series  of  ordinates  ;  each  set  "  ^^•ill  give  a  value 
"  for  p  .  .  .  .  and  a  mean  (geometric,  arithmetric  or  other)  can  be 
"  taken."  In  spite  of  Mr.  Knibbs's  experience  of  the  Pearson-curves 
there  is  surely  ample  evidence  that  their  fitting  power  has  a  wide 
range,  and  it  is  hard  to  see  why  we  should  desert  a  proved  group  of 
curves  which  can  be  fitted  systematically,  and  has  some  theoretical 
justification,  and  use  instead  an  arbitrary  curve,  the  constants  of 
which  must  be  found  by  the  method  indicated  above.  The  Pearson- 
curves  may  have  to  give  place  in  the  future  to  some  stiU  more  useful 
group,  but  at  the  present  time  they  stand  out  as  the  most  practical 
attempt  to  find  curves  suitable  for  the  description  of  frequency 
distributions,  and  except  when  Mr.  Knibbs's  curve  takes  the  form  of 
the  Pearson  T}'pes  III  and  Y,  we  do  not  think  he  will  find  other 
people  anxious  to  use  it. 

Mr.  Knibbs  discusses  the  result  of  certain  projections  of  the 
normal  curve — a  method  to  which  Professor  Edgeworth  has  given 
much  attention — but  he  seems  to  us  to  project  the  normal  curve  on 
to  surfaces  chosen  arbitrarily,  and  if  we  make  the  form  of  the  surface 
on  which  we  project  sufliciently  complex  we  can,  doubtless,  obtain 
a  wide  variety  of  forms,  most  of  which  will,  however,  be  useless  for 
curve  fitting  in  practice.  This  part  of  the  work,  in  common  with 
many  other  parts,  gives  the  impression  of  notes  of  ideas  that  have 
occurred  to  the  author  rather  than  considered  results  of  research. 

The  next  sections  discuss  group  values,  integration  for  statistical 
purposes  and  smoothing  in  population  statistics,  and  then  after  a 
preliminary  chapter  we  come  to  the  arithmetical  part  of  the  work, 
although  several  pages  dealing  with  the  summation  method  of 
graduation  and  various  other  incidental  or  algebraic  work  are 
interspersed.  Some  of  the  tables  give  interesting  information,  and 
the  tables  dealing  with  errors  in  age  and  with  marriages,  as  weU  as 
some  of  the  tables  on  fertility,  &c.,  are  specially  of  value. 

The  book  is  well  printed  and  contains  some  excellent  diagrams, 
but  it  is  far  too  long,  and  the  excess  of  matter  leaves  the  reader  with 
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a  feeling  of  bewilderment.  If  the  more  important  investigations 
and  tables  could  be  separately  printed  in  a  volume  of  greatly  reduced 
size,  they  would  be  more  likely  to  receive  the  study  they  deserve. 

W.  P.  E. 

Du  Calrnl  dans  les  Jeux  de  Hasard.     lie'dige  par  D.  J.  KoRTEWEG. 
Extrait  des  centres  completes  de  Chrisfiaan  Hxiygens :  Tome  XIV. 

The  direct  contribution  of  Huygens  to  actuarial  science  does  not 
seem  to  have  been  of  great  importance,  although  it  is  of  some 
interest  historically  as  the  earliest  recorded  application  of  pro- 
babilities to  life  contingencies. 

In  the  correspondence  of  the  brothers  Christiaan  and  Lodewijk 
{J.I. A.,  vol.  xxxiv,  p.  387)  on  the  subject  of  the  calculation  of 
expectations  of  life  from  Graunt's  Mortality  Table,  Lodewijk  gave 
the  more  practical  solution  of  the  problem — a  computation,  rough 
certainly,  but  based  on  correct  principles,  of  what  we  now  call  the 
expectation  of  life — if  Christiaan  had  the  better  of  the 
argument.*  It  is  true  that  Christiaan,  with  his  singular  sincerity 
and  indefatigability  in  clearing  up  ditficulties,  discovered  in 
the  end  that  they  were  both  right  (  je  trouve  que  nous  avons 
tons  deux  raison  en  prenant  la  chose  en  different  sens")  and 
that  Lodewijk's  expectation  of  life  and  his  own  Vie  Prohabh  were  two 
distinct  things.  But  at  the  outset,  influenced  probably  by  the  fact 
that  the  infant  science  of  probabilities  had  up  to  then  been  applied 
almost  exclusively  to  games,  he  seems  to  haA'e  regarded  the  pi-oblem 
as  of  the  nature  of  a  bet  ("  Qui  gagerait  qu'un  enfant  de  6  ans 
vivra  jusqu'a  26" — Lodewijk  having  computed  the  expectation 
at  age  6  at  20  years  10  months — "peut  mettre  25  contre  39, 
"  puisque  de  64  enfans  de  6  ans,  il  y  en  a  25  qui  parvienent  a  I'aage 
"  de  26  ans  contre  39  qui  meureut  au  dessous  "),  and  it  was  only 
towards  the  end  of  the  correspondence  that  he  realized  that  it  had 
a  practical  connection  with  the  important  subject  of  life  annuities 
("Le  premier",  i-e.,  Lodewijk's  expectation,  '  est  pour  regler  les 
rentes  a  vie,  et  I'autre  pour  les  gageures".)  With  i-eference  to 
this  correspondence  Dr.  Korteweg  suggests  that  the  "  courbe  de 
vie",  given  by  Huygens  in  his  concluding  letter,  is  the  first 
example  of  the  graphic  representation  of  mortality ;  but  the  curve 
in  question  appears  to  be  an  interpolation  curve  for  the  purpose 
of  finding  the  values  of  the  expectation  of  life  at  intermediate  ages 
from  the  computed  values  for  ages  0,  6,  16,  26,  &c.,  rather  than  a 
mortality  curve  as  ordinarily  understood. 

The  only  other  recorded  instance  of  Huygens  having  interested 
himself  in  the  actuarial  applications  of  probabilities  is  in  connection 
with  Hudde's  investigations  {Memoires  pour  servir,  &c.,  pp.  76,  82), 
in  which  however  it  would  not  appear  from  Hudde's  letters  that  he 
took  any  more  active  part  than  that  of  sympathetic  appreciation. 

*  This  correspondence  was  published  in  vol.  vi  of  the  Oeuvres  Completes, 
and  was  reproduced  shortly  afterwards,  by  permission  of  the  Editors,  in  the 
Memoires  pour  servir. 
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But  if  Huygens  contributed  little  directly  to  actuarial  science, 
the  value  of  his  indirect  contribution  can  hardly  be  over-estimated, 
for  it  is  to  him  that  we  are  indebted  for  the  first  clear  statement  of 
the  elementary  principles  of  probability.  Although  Pascal  and  Fermat 
had  already  proposed  and  solved  some  of  the  prol)lems  with  Avhich 
Huygens  dealt,  their  methods  had  not  been  disclosed  at  the  time 
Avhen  his  attention  was  directed  to  the  subject  ("ces  savants, 
"  quoiqu'ils  se  missent  a  I'epreuve  Fun  I'autre  en  se  proposanb 
'  beaucoup  cle  questions  difhcile  a  resoudre,  out  cependant  cache 
"  leurs  methodes  "),  and  it  was  left  to  Huygens  to  construct  from 
first  principles  a  systematic  method  of  procedure.  The  result  Avas 
his  classical  '"De  Ratiociniis  in  Luclo  Alete " — to  give  the  tract 
which  forms  the  subject  of  this  notice  its  better  known  Latin  title"^ — 
a  model  of  clearness  and  lucidity,  which  "  continued  to  form  the 
"  best  account  of  the  subject  until  it  Avas  superseded  Ijy  the  more 
"  elaborate  works  of  James  Bernouilli,  Montmort  and  De  Moivre  " 
{History  of  the  Theory  of  ProhahilUy,  p.  25).  In  Bernouilli's  Ars 
Conjedandi,  published  more  than  half  a  century  later,  an  annotated 
reprint  of  the  De  Ratiociniis "  occupies  the  first  pai-t,  and  in 
many  later  woi'ks  the  influence  which  it  exercised  on  the  develop- 
ment of  the  subject  of  probability  may  be  traced.  English  trans- 
lations from  the  original  Dutch  and  Latin  appeared  in  1692  and 
1714,  and  in  recent  times  a  French  translation  has  been  published 
in  the  Memoirespoursercii;axid  an  English  translation  (by  Mr.  E.  "W. 
Scott)  in  the  Transactions  of  the  Actuarial  Society  of  America 
(Vol.  IV).  But  it  has  appropriately,  if  somewhat  exceptionally, 
been  reserved  to  Huygens'  country  to  render  due  honour  to  the 
tract,  and  this  has  been  most  handsomely  done  in  the  definitive 
edition  of  his  works  Avhich  has  been  in  course  of  publication  by 
the  Societe  Hollandaise  des  Sciences  during  the  last  quarter  of  a 
century.  The  extract  which  has  now  been  separately  issued  under 
the  title  given  at  the  head  of  this  notice  renders  available  to^ 
students  of  the  early  history  of  probability  practically  all  that 
Huygens  wrote  on  the  subject,  including,  in  addition  to  the 
"  De  Ratiociniis,"  nine  appendixes  containing  Aarious  other  re- 
searches. The  value  and  interest  of  the  publication  are  much 
enhanced  by  the  Editor's  historical  introduction  and  mathematical 
commentary — and,  it  may  be  added,  by  such  luxuries,  unusual  in 
these  days,  as  large  paper,  wide  margins,  and  an  admirable  fount 
of  type. 

The  problems  discussed  by  Huygens  are  for  the  most  part> 
special  and  comparatively  simple  cases  of  problems  which  have 
since  become  historical,  such  as  the  Problem  of  Points,  the 
Problem  of  Dice,  and  the  great  Duration  of  Play  Problem.  They 
have  long  since  been  generalized,  and  have  been  solved  in  their 
general  form  by  more  powerful  methods  of  analysis  than  were 
available   in   the    early  days  of    probabilities.       Nevertheless   the 

*  A  copy  of  the  original  Latin  edition  of  Van  Scliooten's  Exercitationes 
Mathematicce  (1657),  in  which  the  De  Raiiociniis  was  first  published,  has 
recently  been  added  to  the  Institute  Library. 
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solutions  given  by  Huygens  are  instructive  on  account  of  the 
simplicity  of  his  analytical  apparatus  and  the  lucidity  of  his 
reasoning.  Starting  from  the  hypothesis  that  the  chance  that  a 
player  has  of  winning  in  a  game  has  a  value  such  that  if  he 
possessed  that  value  he  could  secure  the  same  chance  in  a  game  in 
which  he  had  an  equal  chance  of  winning  or  losing,  he  establishes 
three  elementary  propositions  of  the  category  represented  by  the 
general  principle  that,  if  A's  chances  of  winning  Oi,  Oo,  Sec,  are 
Pi,  x>i,  &C-5  respectively,  the  value  of  his  expectation  is  IjM/^p. 
This  forms  the  basis  of  his  argument.  His  one  method  of  sohnng 
the  various  problems  proposed  by  Pascal  and  others,  or  devised  by 
himself,  consists,  as  the  Editor  of  the  present  reprint  points  out, 
"  dans  une  application  continuelle,  repetee  autant  de  fois  que  le 
"  probleme  Fexige,  de  ces  propositions."  It  is  remarkable  how 
much  he  achieves  by  such  simple  means,  and  if  the  method 
becomes  laborious  and  its  repetition  monotonous  as  the  problems 
become  more  complicated,  it  could,  in  some  cases,  be  simply  used 
in  association  with  the  method  of  induction,  as,  for  example,  in 
the  Problem  of  Points,  or  in  the  DuT-ation  of  Play  Problem  when 
the  game  is  supposed  to  continue  until  one  player  has  nothing  left. 
AVe  may  add,  in  conclusion,  that  at  the  end  of  the  Editor's 
introduction  Avill  be  found  an  interesting  discu.ssion  of  the  dedale 
des  problemes "  exchanged  by  Huygens  and  Hudde  on  the 
advantage  or  disadvantage  of  plajdng  first  in  certain  games  of 
chance.  In  a  game,  for  example,  of  the  pitch  and  toss  variety  in 
which  tAvo  players  toss  in  turn  and  each  ]3uts  one  in  the  pool  Avhen 
a  head  turns  up  and  takes  one  out  when  tail  turns  up,  and  it  is  a 
question  of  the  disadvantage  of  playing  first  (when  there  is  nothing 
to  take  out)  or  generally  of  how  the  pool  should  be  divided  at  any 
time,  both  Huygens  and  Hudde  assumed  that  the  expectations  of 
the  two  players  must  be  together  equal  to  the  amount  in  the  pool. 
But  Dr.  Korteweg  points  out  that  the  game  may  be  prolonged 
indefinitely,  and  that  in  such  cases  there  is  a  third  expectation 
which  be  proposes  to  call  "le  part  de  diable."  The  devil's  share 
in  the  case  in  question  is  the  Avhole  amount  in  the  pool,  the  players 
having  definitely  lost  — in  the  absence  of  any  arrangement  for 
ending  the  game — all  that  they  have  put  in. 


Interest  and  Bond-values.     By   M.   A.    Mackenzie,   M.A.,    F.I.A., 
A.A.S.     Second  Edition.     lievised  and  Enlarged. 

[Pp.  107  and  Tables  pp.  x.     University  of  Toronto.     Price  82.] 

(London  :  C.  &  E.  Layton.     8s.  6d.  net.) 

We  welcome  a  second  edition  of  Prof.  Mackenzie's  useful  little 
text-book  on  the  theory  of  interest  and  its  practical  application  to 
the  valuation  of  bonds  and  other  securities. 

Some  alterations  have  been   made    in   the    earlier  chapters,  a 
certain  amount  of  new  matter  has  been  inserted  (we  notice,  for 
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example,  an  interesting  discussion  on  p.  72  of  the  question  whether 
it  is  better  from  the  borrower's  point  of  view  to  issue  a  loan  at  a 
premium  or  at  a  discount  Avhen  repayment  has  to  be  proA-ided  for 
by  a  sinking-fund  accumulated  at  a  rate  lower  than  the  pelcl  on  the 
loan),  and  the  exercises  at  the  end  have  been  supplemented  by  a 
few  examination  papers,  which  may  assist  students  to  test  their 
knowledge  of  the  sultject. 

A  feature  of  the  book  which  will  commend  it  to  those  who  find 
it  easier  to  understand  principles  and  methods  when  illustrated 
arithmetically  than  when  expressed  in  symbols  is  the  prominence 
given  throughout  to  practical  numerical  examples.  In  valuing 
redeemable  securities  Prof.  Mackenzie  shows  how  Bond- value 
Tables  may  be  used  in  some  cases  in  which  the  conditions  are  not 
exactly  those  assumed  in  the  construction  of  the  tables,  but  we 
gather  that  he  considers  it  simpler  in  such  cases — and  in  fact  safer 
in  all  cases  unless  the  Bond-value  Tables  have  been  checked  and 
the  assumptions  on  which  they  have  been  constructed  are  clearly 
stated — to  use  ordinary  interest  and  annuity-tables.  The  question 
of  income-ta'x,  which  is  now  in  the  United  Kingdom  (and  may  in 
course  of  time  become  in  America)  such  a  A^ery  material  factor  in 
the  Aaluation  of,  and  the  calculation  of  the  jaeld  on,  redeemable 
securities,  is  not  discussed. 

In  the  probable  event  of  future  editions  of  the  book  being 
required,  the  table  on  p.  32 — showing  on  a  simple  interest  basis 
equivalent  yearly,  half-yearly  and  quarterly  payments  at  various 
rates  of  interest — might  perhaps  be  reconsidered.  Although  the 
simple  interest  equivalents  may  be  near  enough  for  practical 
purposes,  a  table  of  this  kind,  in  Avhich  some  of  the  tabulated 
amounts  are  correct  (to  the  number  of  places  of  decimals  retained), 
and  others  are  only  approximate,  and  its  employment  in  many 
of  the  numerical  examples,  seems  to  us  to  make  it  hai-der  for  the 
student  to  understand  clearly  the  important  distinction  between 
effective  and  nominal  rates.  On  p.  18  it  is  stated  that  "  if  the 
''  interest-rate  l)e  i  per-cent  compounded  half-yearly,  the  jiayments 
"  of  $100  at  the  end  of  each  quarter  must  be  regarded  as  payments 
"  of  $201  at  the  end  of  each  half-year;  Avhile  payments  of  SI 00  at 

the  end  of  each  year  must  be  regarded  as  payments  of  $49 -.505  at 
"  the  end  of  each  half-year."'  If  the  equivalent  pajTuent  is  required 
to  three  places  it  would  seem  no  less  important  in  the  former  case 
than  in  the  latter  that  it  should  be  calculated  accurately.  The 
general  statement  that  "  a  payment  of  1  at  the  end  of  each  year  is- 

equivalent,  at  a  rate  of  i  per  year,  to  a  payment  of  x  at  the  end 

"of  each  half-year   where   .r-f-.rf  1 -f  -  j  =  1  "  is    equally   open   to 

question.  We  can  quite  understand  that  in  a  practical  book  it  may 
be  desirable  to  avoid  the  complications  of  i/j(p),  but  since — as 
Prof.  Mackenzie  states  on  p.  44 — '"  the  investment  yield  compounded 
half-yearly  has  become  almost  an  institution  ",  the  practical  course 
would  appear  to  be  to  deal  only  with  a  half-yearly  effective  rate> 
and  to  work  out  everything  correctly  on  that  basis. 
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Another  point  that  may  be  mentioned  is  the  retention  of  cents, 
i.e.,  two  places  of  decimals,  whether  they  are  justified  or  not,  in  the 
results  of  most  of  the  numerical  examples.  Thus,  on  p.  43,  the 
value  to  yield  4-2  per-cent,  compounded  half-yearly,  of  a  $10,000 
bond  due  in  25  years,  and  bearing  quarterly  coujjons  at  4  per-cent, 
is  worked  out  at  S9287-55,  when  in  the  calculation  the  equivalent 
half-quarterly  coupon  is  taken  as  S201 -12  and  multiplied  by  o.-/  at 
2i  per-cent.  And  on  p.  66  the  value  to  pay  4|  per-cent  compounded 
half-yearly  of  a  S50,000  25-year  5  per-cent  annuity  l:>ond  with 
quarterly  i)ayments  is  given  as  $52,726-63,  this  being  the  product 
of  Gm  (at  24  per-cent)  and  an  approximation  (to  two  places  on  a 
simple  interest  basis)  to  the  equivalent  half-yearly  payment  of  the 
annuity.  Clearly  the  cents  cannot  be  reliable  in  either  case.  In  some 
cases,  where  the  factors  to  be  multiplied  are  exact,  Prof.  Mackenzie 
obtains  correct  results  by  using  interest  functions  to  more  places  than 
are  given  in  the  tables  at  the  end  of  the  book  or  are  to  be  found  in  most 
practical  tables.  It  would  in  our  view  be  more  instructive  to  Ijase  the 
examples  on  the  tabulated  values,  and  to  let  the  student  see  what 
degree  of  accuracy  can  be  obtained  with  the  means  available.  The 
resulting  values  would  in  most  cases  be  practical — cents  being  quite 
meaningless  in  connection  vnth  tens  of  thousands  of  dollars.  In  the 
few  cases  in  which,  for  comparison  of  methods  or  for  making  a 
loan-schedule  work  out  neatly,  greater  accuracy  is  necessary,  the 
values  of  the  functions  to  the  requisite  number  of  places  could  be 
specially  stated. 


COREESPONDENCE. 


AXNUITY- VALUES    OX    MAKEHAil'S    HYPOTHESIS. 
To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Sirs, — The  review  {J. I. A.,  vol.  1,  p.  320)  of  my  paper  "  Su  una 
"  relazione  fra  Tannualita  vdtalizia  di  gruppo  e  I'annualita  semplice, 
"  nell'ipotesi  di  Makeham,"  suggests  the  foUoAving  observations  : 

(1).  The  reader  might  suppose  that  I  had  repeated — although 
without  being  aware  of  the  fact — McClintock's  analysis  in  ''  On  the 
''computation  of  Annuities  on  Mr.  Makeham's  Hypothesis" 
{J. I. A.,  vol.  xviii,  p.  242).  But  that  is  not  the  case  either  in  form 
or  in  substance. 

By  means  of  the  B-function — which  ^NlcClintock  did  not 
consider — I  endeavour  to  establish  whether,  and  if  so  on  what 
conditions,  continuous  annuity-values  for  m  joint  lives  can  be 
obtained  by  the  formula 

'W, . . . x,.= ^^[F(i -p,n, ?-j-cH::rr(i -pj]  .  (1) 

i?,/(iog  c  " 

where  F  is  a  hypergeometrical  function  and  T  the  F-fuuction. 


1918.]  Correspondence.  63 

Neither  van  der  Belt,  to  whom  the  corresponding  formula  for 
7/1=1  is  attributed  (Ene.  des  Sciences  Mathematiques,  T.I. ,  vol.  4, 
p.  531),  nor  McClintock,  ■whose  priority  ought  to  be  recognized — nor, 
so  far  as  I  know,  any  other  writer — ever  suggested  the  generalization 
and  conditions  established  by  me. 

(2).  Formula  (l)  is  valid  so  long  as  the  function  F  is  convergent, 
-and  so  also  is  the  formula 

a^y  =  Krt^  .  .  .  (2) 

which  can  be  readily  deduced  from  (1).  The  coefficient  K  depends 
on  the  functions  F  and  F,  and  the  calculation  of  its  numerical  value 
can  be  carried  to  any  degree  of  approximation. 

In  the  case  of  the  Text-Bool:  'i\  per-cent  Table,  formulas 
(l)  and  (2)  are  applicable  so  long  as  the  number  of  lives  m  does  not 
exceed  9.  If  m,  =  2  the  formulas  are  applicable  so  long  as  w  does 
not  exceed  67,  where  2c"'  =  c^  +  c^  ;  and  if  m  =  3  they  are  applicable 
so  long  as  lo  does  not  exceed  63,  where  3c"' =  c*' +  c^  +  r.  The 
resulting  coefficient  K  is  always  positive. 

It  follows  that  the  reviewer's  statement  that  the  formula 
"  seems  to  be  inapplicable  (the  numerator  becoming  negative)  to 
such  a  practical  case  as  the  evaluation  of  ftoo-co-Go"?  cannot  refer 
to  formulas  (l)  and  (2),  and  I  do  not  know  how  it  can  refer  to 
formula  IV,  because  the  numerator  of  this  formula  is  not  negative 
under  the  stated  conditions,  and  I  had  anticipated  the  re\aewer  by 
stating  that  the  formula  is  available  for  values  of  g,^  "abbastanza 
piccoli  "  (rather  small)  and  consequently  not  for  greater  values  of  ni 
and  older  ages, 

(3).  When  commutation-tables  for  a  particular  mortality-table 
are  not  available,  and  it  is  not  convenient  for  any  reason  to  under- 
take the  rather  laborious  work  of  tabulation,  it  seems  undeniable 
that  formula  (l)  with  the  indicated  limitations,  and  the  passage 
from  dx  to  %.,  will  suffice  for  all  requirements.  Further,  if  one  has 
a  single-life  commutation-table  or  the  single-life  annuity-values  for 
all  ages,  and  it  is  inconvenient  to  construct  commutation-tables  for 
two  or  more  lives  of  equal  ages,  formula  (2) — which  admits,  by  the 
simple  process  of  calculating  the  coefficient  K,  of  the  passage  to 
joint-life  annuities — is  not  to  be  despised. 

The  coefficient  K  can  of  course  be  represented  by  several 
approximate  expressions.  For  instance,  I  gave  a  first  approximation 
applicable  to  the  EF  oh  per-cent  Table.  The  corresponding 
approximation  for  the  Text-hooh  2>2  per-cent  Table — to  pass  from 
ttx  to  Qjcx — would  be 

P^_-12  +  -49/--3l(l-f2/)/--^ 
•U+-25/--22(l+/)/-^-^ 

where  /=  -00105  +  -000096.?  -h  -OOOOOllrr 

and  it  can  hardly  be  said  that  this  involves  "  a  somewhat  laborious 
calculation." 

(4)  Finally,  the  writer  of  the  review  appears  to  give  the 
preference  to  the  formula  a^^y  =  «  w     But  for  the  application  of  this 
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formula  it  is  necessary  to  have  annuitj-- values  for  all  ages  and  for 
several  rates  of  interest,  or  to  seek  the  assistance  of  other  more  or 
less  approximate  formulas.  Therefore,  generally,  one  must  be 
content  with  an  approximation  which  has  not  Ijeen  proved  to  he 
satisfactory  in  all  eases  in  its  results.  Formula  (2)  on  the  other 
hand  is  always  applicable  when  the  single-life  annuity- value  is  given 
at  the  same  rate  of  interest  ;  and  formula  (l)  is  applicable  in  every 
case  without  any  preliminary  tabulation. 

I  am,  Sirs,  &c., 

F.  IXSOLEEA. 

i?.  1st.  Sup.  di  Commerc'w,  Turin, 

23  Januarij  1918. 


[We  are  glad  to  jDublish  Prof.  Insolera's  letter,  but  we  do 
not  think  that  there  was  anything  in  our  review  to  suggest 
that  his  analysis  was  the  same  as  McClintock's.  The  reviewer's 
statement  that  Prof.  Insolera  had  used  McClintock's  method 
(i.e.,  the  method  of  evaluating  the  integral  for  a  in  an  infinite 
series)  for  the  purpose  of  obtaining  the  ratio  of  a^.,,-  ...  to  o^ 
appears  to  be  in  accordance  Avitli  the  facts.  McClintock  did 
not  restrict  his  investigation  to  the  case  of  a  single  life;  he 
indicated  that  the  method  could  be  applied,  by  a  simple 
modification,  to  tn  lives,  and  his  formula,  modified  accordingly, 
is  identical  in  substance  with  Prof.  Insolera's  generalised 
formula  (1).  With  regard  to  the  conditions  of  applicability 
of  the  formula,  the  limitations  imposed  by  Prof.  Insolera  do 
not  appear  to  be  necessary.  Although  the  hypergeometrical 
series,  in  its  general  form,  is  divergent  if  x  is  >  1,  the  special 
type  of  hypergeometrical  series  entering  into  McClintock's 
and  Prof.  Insolera's  formula  is  convergent  for  all  values  of 
Sc'*^,  It  follows  that  the  formula  is  valid  for  lives  of  any  ages, 
and  it  may  be  extended  to  any  number  of  lives  by  further 
integrations  by  parts.  The  objection  to  the  formula  is  not 
that  it  is  subject  to  any  limitations  in  theory,  but  that  it 
involves  an  impracticable  amount  of  calculation — owing  to 
the  slow  convergency  of  the  series — except  for  young  lives. 
We  are  indebted  to  Mr.  Gr.  J,  Lidstone  for  the  inforuiation 
that  when  Sc^'loggl/f/  is  large  a  good  result  can  be  obtained 
by  means  of  Schlomilch's  series  for  the  incomplete  F-function 
(see  BromAvich's  "Introditction  to  the  Theory  of  Infinite  Series").. 
There  would  seem  to  remain,  however,  a  considerable  interval 
between  the  age  at  which  McClintock's  formula  ceases  to  be- 
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of  practical  utility  and  that  at  wliich  the  SchlOmilch  series 
becomes  applicable. 

The  statement  quoted  by  Prof.  Insolera  in  (2)  refers  to  his 
formula  IV.  This  formula  is  given  for  cij-^j,^ . . .  ^.,,^  without  any 
explicit  limitation  of  its  applicability,  and  the  Avords  at  the 
beginning  of  the  investigation  "  quando  si  abbia  da  fare  con 
gruppi  di  pochi  elementi,  cosi  die  q,„  sia  abbastanza  piccolo" 
(when  one  has  to  do  with  combinations  of  a  few  lives  so  that 
q^  is  sufficiently  small)  would  not,  we  think,  lead  the  ordinary 
reader  to  suppose  that  the  formula  does  not  apply  to  the 
calculation  of  a  joint-life  annuity  on  three  lives  of  60. 

With  regard  to  the  approximation  to  K  given  in  (3)  it 
should  be  borne  in  mind  that  the  expression  is  derived  from 
formula  lY'  and  is  of  limited  application.  It  appears  to  give 
a,;-  „5  =  6-375,  the  true  value  being  5-486.  The  approximate 
formula  aj.^  =  o„.  +  log,;.s(Ia)„.,  gives  (without  using  tables  at 
more  than  one  rate  of  interest)  the  correct  result  5'486. 
—Eds.  J.T.A.]. 


MORTALITY    AMONG    NEUTRALS    IN    WAR-TIME. 

To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Dear  Sirs, — Those  ^Nlembersof  the  Institute  who  read  Professor 
Hersch's  paper  "La  Mortality  chez  les  Xeutres  en  Temps  do  Guerre", 
reviewed  in  J. I. A.,  vol.  1,  p.  72,  will  remember  that  in  this  paper 
the  author  endeavoured  to  answer  the  (luestion  :  Which  classes 
"  of  a  population  are  most  seriously  aflected  by  the  indirect  eftect 
"  of  a  AVar  ?'"' 

The  method  adopted  by  the  author  was  to  consider  the  increase 
of  mortality  due  to  a  War  as  the  absolute  difference  between  the 
mortality  experienced  in  a  time  of  War  and  the  normal  mortality 
of  a  time  of  peace,  and  to  compare  the  results  thus  obtained  for 
the  different  age  groups.  The  method  was,  in  fact,  equivalent  to 
a  comparison  of  q„<,-qn  age-group  by  age-group,  where  g,,,,  repre- 
sents the  mortality  from  all  causes,  including  the  indirect  effect  of 
a  War,  and  qn  the  normal  mortality. 

The  same  subject  was  dealt  with  by  Mr.  J.  W.  Nixon  in  his 
l)aper  "  War  and  National  Vital  Statistics  with  Special  Reference 
"  to  the  Franco-Prussian  War  " — Journal  of  the  Royal  Statistical 
Society,  vol.  Ixxix,  part  4.  In  this  paper  the  author  contended 
that  the  proper  method  of  comparison  Avas  to  compare,  not  the 
absolute,  but  the  percentage  increase  in  mortality,  i.e.,  not  qng-qni 
but 

Qua  -  qn 
Qn 

VOL.  LI.  P 
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By  adopting   this   method    Mr-    Xixoii    ai'ri\e.s   at    the    following 
conclusions : 

"  It  Avill  be  seen  that  the  highest  age-groups  generally  show  the 
"  smallest  increases  in  mortality,  the  highest  increases  being  shown 
"  at  periods  of  young  and  middle  life.  This,  I  think,  is  contrary 
"  to  expectation.  It  in  also  contrary  to  certain  definite  conclusions 
"  l)ased  on  the  same  figures  recently  made  in  a  Swiss  publication. 

This  pamphlet  states  that  the  effects  of  War  on  mortality  are  the 
"  greatest  at  the  two  extremes  of  life,  and  are  lowest  at  the  ages 

"  10  to  14 The  method  by  which  these  conclusions  are 

"  reached  is  fallacious." 

Mr.  Nixon  then  discusses  Prof.  Herschs  method  in  a  foot  note  : 

"  As  showing  the  incidence  of  mortality  on  the  two  sexes  the 

"  author  seems  quite  sound,  but  in  dealing  with  the  incidence  of 

"  mortality  at  different  ages  of  life  his  analysis  is  statistically  quite 

unsound •     The  author  takes  the  mean  number  of  deaths 

"in  the  years  1870-71,  and  finds  the  excess  in  these  two  years 
"  over  the  year  1869  per  1,000  of  the  population  living  at  each  age 
"  group.  He  thus  obtains  a  curve  which  reproduces  in  general 
'  outline  the  usual  U-shaped  mortality  curve  for  ages,  namely,  a 
"  very  high  death-rate  at  the  two  extremes  of  life,  and  a  low  death- 
"  rate  for  the  interA^ening  ages.  As  persons  over  65  had  a  high 
"death-rate  in  1869,  and  also  a  high  death-rate  in  the  years 
"  1870-71,  the  difference  between  these  two  is  likely  to  be  much 
"  higher  than  the  difference  between  the  death-rates  of  a  young 

age-group,  e.g.,  15-20.  By  using  this  method  of  absolute  increase 
"  in  death-rates  the  Author,  in  effect,  says  that  a  rise  in  the  death- 
"  rate  from  (say)   10  to  15  per  1,000 — i.e.,  a  rise  of  5  per  1,000 — 

is  much  more  serious  than  a  rise  in  the  death-rate  from  (say) 
"  3  to  6  per  1,000 — i.e.,  one  of  3  per  1,000.  The  former,  however, 
"is  a  rise  of  50  percent,  the  later  of  100  per-cent,  and  these 
"  figures  are  the  ones  which  should  be  compared." 

These  remarks  of  Mr.  Xixon's  appear  to  have  aroused  con- 
siderable interest  in  Italy,  and  have  given  rise  to  two  i:)apers,  the 
first  of  which,  by  Corrado  Gini,  appeared  in  the  September- 
December  1916  number  of  the  "  Rivista  Italiana  di  Sociologia", 
while  the  other  by  F.  P.  Cantelli,  entitled  "  Sull  'Aumento  di 
"  Mortalita  dovuto  alia  guerra.  Kifiessioni  critiehe  di  metodologia 
"  statistica  ",  originally  appeared  in  the  November  1917  number  of 
the  "  Giornale  degli  Economisti  e  Rivista  di  Statistica ",  and  has 
now  been  published  in  pamphlet  form.  Both  of  these  writers 
take  exception  to  the  criterion  proposed  by  Mr.  Nixon,  and  put 
forward  alternative  solutions  of  the  problem. 

The  course  adopted  by  Signor  Gini  is,  in  effect,  to  compare  the 
increase  in  mortality  with  the  probable  error,  so  that  if  in  two 
sections  A  and  B  of  the  populations,  the  rates  of  mortality  are 
increased  from  yni  and  nis  resiiectively,  to  mo  and  ht^,  then  the 
increase  in  A  must  be  regarded  as  >  or  <  the  increase  in  B 
according  as 

m.2  -  nil       .  nii  -  ?«3 

>  or  <  ^n^ 


V  wii(l  -vii)  s'mzil  -  nis) 
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The  objections  to  the  criterion  proposed  by  Gini  are,  I  think, 
obvious.  They  are  put  with  great  force  by  Prof-  Cantelli  on 
pages  13-15  of  his  pamphlet,  to  which  I  Avoukl  refer  anyone  who 
is  interested  in  the  matter. 

Prof.  Cantelli  points  out  that  the  criterion  proposed  by  Nixon 
cannot  give  a  satisfactory  answer  to  the  question :  Which  classes 
"  of  a  population  are  the  most  seriously  affected  by  the  indirect 
"  effects  of  a  War  "  ?  For  "  Consider  a  case — fictitious  or  not  does 
"  not  matter — which  exposes  the  weakness  of  this  criterion.     Two 

populations,  A  and  B,  have  suffered  severely  from  the  effects  of 
"  a  War.  In  the  population  A  the  mortality  has  increased  from 
"  10  per  thousand  to  100  per  thousand,  while  in  the  population  B 
"  it  has  increased  from  10  per  hundred  to  100  per  100.  Which  of 
"  the  two  populations  has  been  more  severely  hit  by  the  War  ? 
"  That  is,  which  population  has  suffered  the  heavier  mortality? 
"  Clearly,  it  seems  to  me,  population  B,  which  has  been  com- 
"  pletely  wiped  out  by  the  effects  of  the  War.      But  the  expression 

used  by  Xixon  gives  the  same  result  for  the  two  populations, 

namely : 

100-10 
10 

But  even  excluding  the  al)ove  example,  it  does  not  seem  to  me 
that  the  expression 


Qn  rim 

'  can  answer  questions  of  the  kind  asked  above,  since  it,  as  we  see 
'  from  its  very  nature,  ignores  the  question  of  the  exposed  to  risk." 
Prof.  Cantelli  goes  on  to  show  that  this  question  can  only  be 
answered  by  a  comparison,  age-group  by  age-group,  of  the  values 
of  q,j,  where  g,,  is  the  probability  of  death  on  the  assumption  that 
the  exposed  to  risk  are  only  subject  to  mortality  caused  by  the 
indirect  effects  of  the  war.     He  finds  the  value  of  q^  as  follows  : 

Let  us  suppose  that  out  of  /  persons  exposed  to  risk  m  die  in 

one  year  from  all  causes,  including  the  indirect  effects  of  war. 

Let  us  further  suppose  that  we  know  that  if  no  deaths  were  due 
"  to  the  effects  of  war  and  that  only  the  ordinary  rate  of  mortality 

Avas  in  operation  n  persons  would  die  in  the  year.     We  can  then 
'  say  that  during  the  whole  year  of  risk,  I  -  n  persons  are  not  liable 

to  die  from  normal  causes.     Hence    it  follows  that  the    m  -  n 

persons,  who  die  out  of  the  I  -n  under  consideration,  die  from 

causes  due  solely  to  the  war,  i.e., 


But 
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In  a  foot-note  the  author  points  out  that  this  formula  can  ])e 
derived  directly  from  Karup's  theorem 

In  order  to  compare  the  results  given  by  his  formula  witli  those 
given  by  the  formula)  of  Hersch  and  Nixon,  Gini  calculated  values 
of  Qn  from  the  mean  annual  number  of  deaths  in  the  decennium 
1876-85  and  the  census  of  1880,  and  gives  a  series  of  tables,  for  the 
age-groups  used  by  Prof.  Hersch,  for  Switzerland,  Holland  and 
Belgium,  distinguishing  in  each  case  between  males  and  females. 

I  reproduce  here  Gini's  tables  for  Swiss  males,  and  have  added, 
for  purposes  of  comparison,  a  table  of  q,,  calculated  according  to  the 
formula  given  l)y  Prof.  Cantelli. 


The  indirect  effect  af  the  Franco-Prussian  War,  1870-71,  on  the 
Mortality  of  the  Swiss  Male  Population. 


The  absolute 

Normal 

Percentage 

Relative 

1 

exc6ss  of 

Mortality, 

increase  in 

increase  in 

99 

Mortality, 

namely, 

Jlortality 

Mortality 

9ng-qn 
l-?n 

Prof.  Cantelli's  i 

Age 
Group 

namely, 
10,000  (7„f,- 5,0 

10,000  qn 

as  calculated 

by 
Signer  Gini 

qno-gn 

9n 

m.2  —  nil 

^/«7l(l-)»:) 

Piof.  Ilerscli's 

Mr.  Nixon's 

Gini's  method 

method 

method 

(see  above) 

metliod 

(1) 

(2) 

(3) 

W 

(5) 

0-1 

424 

2,583 

16 

•097 

•05716 

1-5 

74 

205 

36 

•052 

•00755 

5-10 

36 

61 

59 

•046 

•00362 

10-15 

11 

35 

31 

•018 

•00110 

15-20 

13 

49 

27 

•018 

'00130 

20-25 

65 

73 

89 

•077 

•00653 

25-30 

69 

87 

79 

•074 

•00696 

30-35 

38 

99 

38 

•038 

•00384 

35-45 

40 

125 

1         32 

•036 

•00405 

45-55 

51 

198 

26 

•037 

•00520 

55-65 

70 

369 

19 

•037 

•00726 

65-75 

132 

774 

17 

•049 

•01430       i 

75- 

252 

1,722 

15 

•067 

•03044 

It  will  be  noticed  that  this  latter  table  supports  the  conclusion 
drawn  by  Prof.  Hersch,  and  militates  against  those  drawn  by 
Mr.  Nixon. 


Yours  faithfully. 


3,   Queen's  Gardens, 

Ealincf,  W.  5. 


D.  S.  SAVORY. 
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INDUSTRIAL    MORTALITY    IN    19L5-1917. 

To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Dear  Sirs, — Eecently  I  had  occasion  to  investigate  the 
mortality  experience  of  a  very  large  number  of  policies  on  male  lives 
em1)0clying  industrial  assurance  contracts  of  various  descriptions. 

The  general  results  obtained  were  sufficiently  remarkable, 
I  think,  to  be  of  interest  to  readers  of  the  Journal.  I  have  therefore, 
in  the  accompanying  diagram,  exhibited  them  graphically  in  com- 
parison with  two  standard  population  curves,  namely.  Dr.  Farr's 
English  Life  Tal»le  No.  3  and  the  English  Life  Table  No.  8  pub- 
lished in  the  supplement  to  the  75th  Annual  Kepoit  of  the 
Registrar-General.  The  function  chosen  for  comparison  is  the  rate 
of  mortality  q^  as  shown  l)y  the  following  experience  of  males  : 

Rate  of  mortality  experienced  among  industrial  policies  during  1913 

>j  ?>  It  )i  ))  )5       iyio 

„      1917 
,,  as  shown  by  the  English  Life  Table  No.  S. 

II  ))  ))  ))  ))       No.  o. 

The  exposed  to  risk  and  deaths  were  obtained  from  the  valuation 
class  books  Avhich  were  very  convenient  for  the  purpose,  the  policies 
being  tabulated  on  the  assumption  that  on  the  average  exact  ages 
were  attained  at  the  date  of  valuation. 

This  method  gives  a  possible  range  of  nearly  two  years  in  the 
tabulated  age,  i.e.,  the  assumed  exact  age  ,/'  represents  ages  l^etween 
X—  1  and  o:+\.  Apart  from  abnormal  disturbances  in  the  law  of 
mortality  this  method  gives  results  reliable  enough  for  most 
purposes.  AVhen,  however,  a  section  of  the  experience  is  sulvjected 
to  a  very  violent  change  in  the  progression  of  the  rates  of  mortality 
over  a  series  of  ages  a  certain  amount  of  error  is  introduced.  In 
the  present  instance  the  method  of  classification  undoubtedly  has 
the  effect  of  over-estimating  the  rates  of  mortality  at  ages  from 
16  to  20,  and  somewhat  under-estimating  them  thereafter. 

The  1913  curve  shows  a  close  correspondence  with  that  of  the 
general  population  particularly  at  the  military  ages. 

The  curves  for  the  three  complete  war  years  1915,  1916,  and 
1917  each  exhibit  certain  special  features,  and  it  is  believed  are 
the  only  published  statistics  showing  the  incidence  of  the  War  on 
the  mortality  of  a  section  of  the  community  sufficiently  large  to  be 
representative  of  the  whole  male  population. 

The  experiences  of  separate  years  were  large  enough  to  give 
results  that  did  not  require  graduation  to  enable  a  reliable 
comparison  to  be  made  between  them,  and  no  such  adjustment  has 
been  attempted.  The  close  correspondence  of  the  1913  curve  with 
the  English  No.  8  curve  is  sufficient  evidence  in  support  of  this 
statement. 

The  remarkable  feature  of  the  1915  curve  is  the  continuance 
of  high  rates  at  ages  over  40-     The  1916  curve,  while  showing  the 
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same  main  features  as  that  for  1915,  shows  lower  rates  than  the  1913 
curve  at  ages  over  40.  The  causes  that  gave  rise  to  these  features 
suggest  some  interesting  speculations  as  to  ages  of  men  in  the 
Old  Army "  and  the  effect  of  war  conditions  on  the  vitality  of 
the  general  population.  I  have  not  the  necessary  statistics  available 
however  to  investigate  these  points.  The  1917  curve  exhibits  two 
features  of  interest,  namely,  the  mo\ang  of  the  maximum  point  to 
an  age  one  year  younger,  accompanied  by  a  reduction  in  the  rate  of 
mortality  below  age  20,  that  is,  at  the  training  ages. 

The  curves  of  course  do  not  show  the  relative  rates  of  mortality 
among  combatants  in  the  three  years  under  review,  but  I  think  it 
may  be  claimed  that  they  are  a  fair  index  of  the  toll  that  the  War 
has  taken  of  the  manhood  of  the  nation  during  that  period. 

I  am.  Dear  Sirs, 

Yours  faithfully. 

Prudential  Assurance  Co.,  Limited,  J.   BURN. 

Holhnrn  Bars,  E.C.  1. 

20  March  1918. 


^** 


Mr.  Burn  has  kindly  supplied  the  actual  rates  of 
mortality  experienced  by  the  Prudential  at  ages  16  to  60  in 
the  years  J  913  and  1915-1917.  These  rates  are  given  in  the 
following  Table,  with  the  addition  (in  the  first  column)  of  the 
English  Life  JSTo.  8  rates  : 


Values  of  Qy..     Ages  lQ-^0.     Male  Lives. 


Age 

English 
Life 

Prudential 

Experience 

No.  8 

1913 

1915 

1916 

1917 

16 

•00259 

•00290 

•00467 

•00404 

•00374 

17 

•00279 

•00317 

■00790 

•00840 

•00483 

18 

•00302 

•00379 

■01386 

■01S56 

•01283 

19 

•00326 

•00372 

■01815 

■03201 

•03834 

20 

•003 18 

■00397 

•0200S 

•03731  j 

•04742 

21 

•00366 

•00386 

•01838 

•03772 

•04559 

22 

•00378 

■00386 

•01695 

•03460 

■04394 

23 

•00386 

■00377 

■01665 

•03124 

•04063 

24 

•00392 

•00399 

•01534 

•02805 

•03769 

25 

•00100 

•00441 

•01376 

•02572 

•03507 

26 

•00411 

•00442 

•01340 

•02379 

•03248 

27 

•00425 

•00451 

•01311 

•02192 

•03014 

28 

•00440 

•00475 

•01199 

•02098 

•02886 

29 

•00458 

•00532 

•01246 

•02001  1 

•02794 

30 

•00478 

•00499 

•01168 

•01915 

•02601 

«?/,   Ltd. 


\ 


la 


e  No.  8 
e  No.  3 


Rate  per 

1000 
— 1  60 


56 


52 


48 


44 


-40 


36 


32 


-  28 


24 


20 


16 


12 


-     8 


56 


61 


66 


\ 1     0 
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Values  of  Qx-     Ages  16-60.     Male  Lives — continued. 
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Age 

English 
Life 
No.  S 

PauDENTiAj,  Experience 

1913 

1915 

1916 

1917 

1 

31  ! 

■00502 

•00562 

•01182 

•01773 

■02501 

32 

•00528 

•00520 

•01177 

•01675 

■02304 

33 

•00558 

•00605 

■01225 

■01.576 

■02265 

34 

•00590 

■00594 

•01145 

■01565 

■02194 

85 

•00624 

■00642 

■01118 

■01488 

■02097 

36  1 

■00659 

■00667 

■01087 

■01440 

•01977 

37 

■00695 

•00714 

■01069 

■01369 

■01816 

38 
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THE    INSTITUTE    OF    ACTUAKIES. 


The  Council  of  the  Institute  have  recently  had  under  con- 
sideration the  position  of  candidates  for  the  Examinations 
in  view  of  the  situation  created  by  the  AVar.  In  order  to 
afford  candidates  every  possible  help,  under  the  special 
conditions  which  have  arisen,  the  Council  have  decided  : 

(1)  To  reduce  the  number  of  subjects  of  examination, 
and  in  this  way  to  restrict  the  scope  of  the 
necessary  reading. 
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(2)  To    request    the    Board    of     Examiners    to    aiford 

candidates  some  guidance  in  the  reading  required ; 
and 

(3)  To  hold  Examinations  more  frequently. 

They  have,  therefore,  suspended  the  existing  Regulations 
and  Syllabus  of  Examinations^  and  have  adopted,  until 
further  notice,  the  appended  revised  Regulations  and 
Syllabus,  Recommendations  by  the  Board  of  Examiners  as 
to  the  reading  required  for  the  Examinations  are  in  course 
of  preparation. 


REGULATIONS  and  SYLLABUS  of  Examinations  fur  admission 
to  the  Classes  of  Student,  Associate,  and   Fellow. 

{These  Eegulations  will  continue  in  force  for  not  less  than  four  j/ears  from 
the  date  of  the  first  Examinations  held  after  the  termination  of  the 
War.     All  previous  Kecjulations  are  hereii/j  suspended.) 

1.  The  Exaniiuutions  held  by  the  Institute  are  as  set  out  in  the 
annexed  Syllabus. 

2.  An  applicant  for  admission  to  the  Class  of  Student  must 
(«)  have  furnished  such  evidence  of  general  education  as  the  Council 
may  from  time  to  time  prescribe,  and  (6)  have  passed  Part  I  of  the 
Examinations  under  these  or  previous  Regulations. 

As  evidence  of  general  education  the  Council  will  (subject  as 
hereinafter  provided)  re({uire  a  Certificate  showing  that  the  applicant 
has  passed  the  Matriculation  or  Senior  Scliool  Examination  of  the 
University  of  London,  or  a  similar  Examination  of  any  University 
in  the  British  Empire,  or  the  Oxford  or  Ca)nbridge  Senior  Local 
Examination,  or  some  other  Examination  approved  by  the  Coiiucil 
from  time  to  time  or  accepted  on  individual  application.  Provided 
that  if  in  any  case  the  Council  are  satisfied  that  an  applicant  has 
been  precluded  by  special  circumstances  from  passing  one  of  the 
Examinations  hereinbefore  mentioned  they  may,  if  otherwise 
satisfied  as  to  his  general  education,  dispense  with  a  Certificate  of 
his  having  passed  such  Examination. 

3.  An  applicant  for  admission  to  the  Class  of  Associate  must 
(a)  be  a  Student  and  (6)  have  passed  Parts  I  and  II  of  the  Examina- 
tions under  these  or  previous  Regulations. 

4.  An  applicant  for  admission  to  the  Class  of  Fellow  nuist  («) 
be  a  Student  or  Associate  and  {h)  have  passed  Parts  I,  II,  III.  and 
(subject  as  hereinafter  provided)  Part  IV  of  the  Examinations  under 
these  or  previous  Regulations.  Provided  that  an  applicant  who  has 
passed  Parts  I  and  II  under  previous  Regulations  shall  be  required 
to  pass  ouly  Part  III  and  Part  IV,  Section  A,  under  these  Regula- 
tions, and  that  an  applicant  w^ho  has  passed  Parts  I,  II,  and  III 


1918.]  The  Institule  of  Actuaries.  73 

under  previous  Regulations  shall  be  required  to  pass  only  Part  IV, 
Section  A,  under  these  Regulations. 

5.  An  applicant  who,  under  the  Bye-laws  or  previous  Regula- 
tions, has  been  exempted  from  passing  a  specified  Part  of  the 
Examinations,  shall  be  considered,  for  the  purposes  of  these  Regula- 
tions, to  have  passed  that  Part. 

6.  An  applicant  for  admission  to  any  Class  shall,  after  having 
passed  the  prescribed  Examinations,  be  admitted  to  that  Class  on 
signing  the  proper  Form  of  Obligation  or  of  Transfer,  as  the  case  may 
be,  and  on  paying  the  subscription  of  the  Class  for  the  current  year. 

7.  A  Candidate  shall  not  (except  as  hereinafter  provided)  present 
himself  for  Examination  in  a  Part  or  a  Section  thereof  until  he  has 
passed  the  previous  Part.  Provided  that  a  Candidate,  who  is  a 
Graduate  in  Mathematical  Honours  of  a  University  in  the  British 
Empire,  or  any  other  Candidate  on  the  recommendation  of  a  Tutor 
of  the  Institute  or  of  two  Fellows  having  personal  knowledge  of  his 
c[ualifications,  may  take  Part  I  (or  the  remaining  Section  of  Part  I 
if  he  shall  have  passed  in  one  Section)  and  Part  II  at  the  same 
Examination,  but  no  such  Candidate  shall  be  considered  to  have 
passed  Part  II  until  he  shall  have  passed  both  Part  I  and  Part  II. 

8.  The  Fee  for  a  Part  of  the  Examination  is  £1.  \s.,  and  for  one 
Section  of  a  Part  10s.  6fZ. 

9.  A  Candidate  will  not  be  allowed  to  present  himself  for 
Examination  until  he  has  paid  all  entrance  fees,  subscriptions,  and 
examination  fees  that  may  be  due  and  complied  with  the  require- 
ments of  the  Bye-laws  and  these  Regulations. 

10.  Examinations  will  be  held  in  London  and  at  such  other 
places  as  the  Council  may  appoint,  in  June  and  December  of  each 
year,  or  at  such  other  times  as  the  Council  may  prescribe.  The  first 
Examinations  under  these  Regulations  will  be  held  as  soon  as 
possible  after  the  termination  of  the  War. 

At  least  four  months'  notice  will  be  given  by  public  advertisement 
of  the  places  at  which  Examinations  will  be  held  and  of  the  dates 
of  such  Examinations. 

A  Candidate  for  Examination  at  any  place  in  the  United  Kingdom 
must  give  notice  in  writing  to  the  Assistant  Secretary  so  that  such 
notice  shall  reach  the  Assistant  Secretary  at  least  fourteen  days 
before  the  date  of  Examination,  and  a  Candidate  for  Examination 
at  any  place  outside  the  United  Kingdom  must  give  such  notice  so 
that  it  shall  reach  the  Assistant  Secretary  at  least  two  months  before 
the  date  of  Examination.  At  the  time  of  giving  notice  a  Candidate 
must  specify  the  Part  or  Section  of  a  Part  for  which  he  intends  to 
present  himself,  and  must  pay  the  prescribed  fee. 

11.  The  names  of  successful  Candidates  in  each  Part  or  Section 
of  a  Part  will  be  arranged  in  alphabetical  order,  without  distinction 
of  Class. 

March  1918.  
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SYLLABUS    OF    EXAMINATIONS. 


Part  I. 
Section  A. 

Arithinetic  and  Algebra  ;  the  theory  and  use  of  Logarithms  ;  the 
Elements  of  the  Theory  of  Probabilities. 

The  Elements  of  the  Calculus  of  Finite  Differences,  including  Inter- 
polation and  Summation  ;  Elementary  Differential  and  Integral 
Calculus,  excluding  questions  necessitating  the  use  of  Trigo- 
nometry. 

Section  B. 

Compound  Interest  and  Annuities-Certain,  including  the  construction 
and  use  of  relative  Tables. 

A  Candidate  must  fass  in  both  Sections.  The  tico  Sections  may  he 
taken  at  the  sa)ne  Examination,  or  either  Section  may  be  taken 
at  one  Examination  and  the  remaining  Section  at  a  subsequent 
Examination. 

Two  Papers  mill  be  set  in  Section  A  and  One  in  Section  B.  Three 
hours  will  be  allowed  for  each  Paper. 

Part  II. 

Life  Contingencies,  including  Life  Annuities  and  Assurances,  and 
the  construction  and  use  of  the  Life-Table  and  monetary  and 
other  Tables  based  thereon  ;  excluding  questions  on  the  com- 
pilation of  Tables  from  Statistics,  or  on  Graduation. 

Either  two  or  three  Papers  will  be  set  at  the  discretion  of  the  Examiners. 
Tfiree  hours  ivill  be  alloived  for  each  Paper. 

Part  III. 
Section  A. 

The  Methods  of  compiling  Mortality,  Sickness,  Accident,  and  other 
similar  Statistics,  of  deducing  Tables  therefrom,  and  of  adjust- 
ing or  graduating  such  Tables. 

The  Distinctive  Features  of  existing  Tables  now  in  general  use. 

Section  B. 
The  Valuation  of  the  Liabilities  of  Life  Assurance  and  Employers' 

Liability  Insurance  Companies. 
The  Principles  and  Methods  of  the  Distribution  of  Surplus. 

A  Candidate  must  pass  in  both  Sections.  The  tuo  Sections  may  be 
taken  at  the  same  Examination,  or  either  Section  may  be  taken 
at  one  Examination  and  the  remaining  Section  at  a  subsequent 
Examination. 

Two  papers  will  be  set  in  each  Section.  Three  hours  will  be  allowed 
for  each  Paper. 
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Part  IV. 
Section  A. 

The  general  provisions  of  the  Acts  relating  to  Life  Assurance 
Companies,  Employers'  Liability  Insurance  Companies  and 
Friendly  Societies. 

The  practical  valuation  of  Life  Interests  and  Reversions,  and  of 
PoUcies  for  Surrender  or  Purchase. 

Section  B. 
The  law  relating  to  Life  Assurance  Contracts. 
Life  Assurance  Accounts  ;    preparation  of  Schedules,   Statements 

and  Reports  ;  drafting  of  Policies  and  endorsements  ;  and  other 

practical  matters  arising  in  Life  Office  Administration. 
The  determination  of  Office  Rates  of  Premium  for  Assurances  and 

Annuities,  but  excluding  rates  of  Contribution  for  Sickness, 

Pension  and  Widows'  and  Orphans'  Funds. 
Extra  premiums  for  under-average  lives,  hazardous  occupations  and 

residence  in  unhealthy  climates  ;    and  the  materials  available 

for  their  determination. 

Section  C. 

The  formation  and  valuation  of  and  calculation  of  rates  of  contribu- 
tion for  Friendly  Societies,  Pension  Funds,  and  Widows'  and 
Orphans'  Funds. 

The  National  Health  Insurance  Acts,  with  special  reference  to  their 
financial  provisions. 

The  Elements  of  Statistics  ;  Official  Statistics,  with  special  reference 
to  their  employment  in  the  solution  of  Actuarial  Problems. 

A  Candidate  must  pass  in  Section  A  and  [subject  to  the  ijrovision  in 
Rule  4)  in  either  Section  B  or  Section  C.  Section  A  and  Section  B 
{or  Section  C)  may  be  taken  at  the  same  Examination,  or  either 
Section  may  be  taken  at  one  Examination  and  the  remaining 
Section  at  a  subsequent  Examination. 

Tivo  Papers  will  he  set  in  each  Section.  Three  hours  will  be  allowed 
lor  each  Paper. 


Regulations  for  Probationers. 

Probationers,  while  not   being  Members  of  the  Institute,  are 
allowed  the  following  privileges,  namely  : 

They  are  entitled  to  join  the  classes  for  Students,  in  accordance 
with  the  rules  prescribed  for  such  classes,  and  to  attend  the 
Ordinary  General  Meetings  of  the  Institute,  but  not  to  vote 
or  take  part  in  the  discussions  thereat. 

They  may  borrow  books  from  the  Library  for  the  purposes  of 
their  studies,  but  this  privilege  is  subject  to  the  discretion  of 
the  Librarians,  and  to  the  rules  which  the  Council  may  from 
time  to  time  prescribe. 
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Application  to  become  a  Probationer  must  be  made  on  a  pro- 
scribed form,  and  the  applicant  must  satisfy  the  Council  as  to  his 
general  education  by  furnishing  evidence  thereof  similar  to  that 
required  from  an  applicant  for  admission  to  the  Class  of  Student. 
If  the  application  is  approved  the  applicant  shall  become  a  Pro- 
bationer on  payment  of  an  entrance  fee  of  10s.  6fZ.,  but  the  Council 
may  at  any  time  withdraw  their  approval,  and  thereupon  he  shall 
cease  to  be  a  Probationer.  Should  a  Probationer  subsequently  be 
admitted  a  Member  of  the  Institute,  the  fee  of  10s.  6cL  paid  by  him 
on  becoming  a  Probationer,  will  be  taken  as  paid  on  account  of  the 
entrance  fee  as  Student. 

The  annual  subscription  for  Probationers  is  lO.s.  M.,  payable  on 
admission  and  on  1st  October  in  each  year.  If  the  subscription  for 
any  year  be  not  paid  before  the  31st  December,  then  the  defaulter 
shall  no  longer  be  a  Probationer. 


Harry  Orrell,  Student  of  the  Institute,  Private,  20th  Battalion, 
Manchester  Regiment. 

Killed  in  Action  23  Jpril  1917. 

Brian  Needell,  Student  of  the  Institute,  Sergeant,  5th  Battalion, 
City  of  Loudon  Regiment. 

Killed  in  Action  2  3Imj  1917. 

Walter  Ernest  Smith,  Probationer  of  the  Institute,  Captain, 
King's  Own  Yorkshire  Light  Infantry. 

Died  of  f Founds  5  July  1917. 

Sidney   George   Weatherdon,    Probationer    of    the   Institute, 
2nd  Lieut.,  11th  Battalion,  Essex  Regiment. 
Killed  in  Action  19  September  1917. 

Thomas  Nowell  Askwith,  Student  of  the  Institute,  2nd  Lieut, 
Royal  Field  Artillery. 

Killed  in  Action  26  October  1917. 

Gerald  Danby  Doucet,  Fellow  of  the  Institute,  2nd  Lieut., 
7th  Battalion,  Northumberland  Fusiliers. 

Killed  in  Action  26  October  1917. 

Hugh  Jerrold  Hammond,  Student  of  the  Institute,  Captain, 
12th  Battalion,  Royal  Warwicks  (attached  2nd  Battalion, 
Gloucestershire  Regiment). 

Died  of  Wounds  23  March  1918- 

William  Askhaji,  Probationer  of  the  Institute,  Lieut.  (Acting 
Captain),  Army  Cyclist  Corps. 

Killed  in  Action  11  April  1918. 
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Neicton's  Interpolation  Formulas.     By  Ddncan  C.  Fraser, 
M.A.,  F.I. A. 

Jj  OL  LOWING-  upon  a  suggestion  which  was  made  in  a 
previous  number  of  the  Journal  (vol.  1,  p.  20),  an  endeavour 
has  been  made  in  the  following  pages  to  bring  together  the 
whole  of  Newton's  work  on  the  subject  of  interpolation  by 
means  of  formulas  of  finite  differences.  His  contributions  to 
this  subject  are  comprised  in  three  items  (1)  the  "Methodus 
Differentialis  "  ;  (2)  a  letter  written  in  1675,  giving  detailed 
instructions  for  the  calculation  of  certain  tables  ;  and  (3)  the 
celebrated  Lemma  No.  5  in  Book  III  of  the  "  Principia." 

There  are  also  various  references  to  the  subject  in  the 
"  Commercium  Epistolicum  ",  a  collection  of  letters  relating  to 
the  controversy  between  Newton  and  Leibnitz  as  to  the  origin 
of  the  differential  calculus. 

Methodus  Differentialis. — This  is  a  short  treatise,  complete 
in  itself,  on  central  formulas  of  interpolation  and  their 
applications.  It  was  first  published  in  the  year  1711  by 
William  Jones  in  a  volume  in  which  he  collected  a  number  of 
Newton's  shorter  works  under  the  title  ^'Analysis  Per 
"  Quantitatum  Series,  Fluxiones  ac  Differentias :  cum 
"  Enumeratio  Linearum  Tertii  Ordinis." 

A  photographic  reproduction  of  the  original  Latin  text,* 

*  The  scale  oF  the  original  has  been  reduced  by  one-fifth  to  admit  of  inclusion 
in  the  Journal  page. 
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taken  from  a  copy  of  the  first  edition  in  the  Institute  Library, 
and  a  translation  are  given.  It  is  believed  that  no  previous 
translation  of  this  little  work  has  been  published. 

Although  the  "  Methodus  DifFerentialis  "  was  not  printed 

until  the  year  1711,  it  was  composed  many  years  earlier.     In 

the  Latin  preface  (from  which  I  translate),  William  Jones  says  : 

"  The   book    is    brought   to   a   graceful   close    by   the 

"  addition  of  a  little  tract  entitled  '  Methodus  Differen- 

"  tialis ',  which  I   have  transcribed  by  permission  of  the 

'^  distinguished  author  from  his  own  autograph.  .  .  .     This 

"  '  Methodus  Differentialis^  depends  upon  the  problem  of 

''  drawing  a  Parabolic  Curve  through  a  given  number  of 

^'  points,    reference    to    w^hich    had    been    made    by   the 

"  distinguished  author  in  his  letter  to  Oldenburg,  sent  in 

"  1676,  and  a   solution  of  which    he   gave  in  Lemma  5, 

"  Book  III  of  his  '  Principia '  by  means  of  a  construction 

"  Avhicli  is  not    at    all    the   same  as  that  which  we  now 

"  present." 

The  letter  to  which  William  Jones  refers  is  a  letter  dated 

24    October    1676,  which    is  included  in  the  "  Commercium 

Epistolicum."     In  the  course  of  the  letter  Newton  describes  a 

method    by    which     the    function    A/a2_^.^_j_        might    be 

expanded  in  a  series  of  powers  of  a; ;  and  then  goes  on  to  say 
(I  translate  freely  from  the  original  Latin),  "But  I  attach 
"  little  importance  to  this  method  because  when  simple  series 
"  are  not  obtainable  with  sufficient  ease,  I  have  another 
■"  method  not  yet  published  by  which  the  problem  is  easily 
■"  dealt  with.  It  is  based  upon  a  convenient,  ready  and  general 
*'  solution  of  this  problem,  To  describe  a  geometrical  curve  ichich 
*'  shall  pass  throtigh  any  given  points." 

He  then  refers  to  cases  in  which  such  a  problem  can  be 
solved  by  geometrical  constructions  without  calculation;  and 
adds:  ''but  the  above  problem  is  of  another  kind;  and 
"  although  it  may  seem  to  be  intractable  at  first  sight,  it  is 
"  nevertheless  quite  the  contrary;  perhaps  indeed  it  is  one  of 
*'  the  prettiest  problems  that  I  can  ever  hope  to  solve."  This 
fixes  the  date  of  composition  of  the  "  Methodus  "  as  prior  to 
October  1676 ;  and  there  is  some  reason  to  think  that  its  date 
may  be  several  years  earlier. 

A  short  account  of  the  "  Methodus  Differentialis "  has 
previously  been  given  in  the  Journal  (vol.  xv,  pp.  145  and  177), 
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by  Professor  Ludwig  Oppermaini,  of  Copenhagen.  He  there 
gives  the  date  of  publication  in  error  as  1715.  He  gives  his 
opinion  that  this  little  treatise  was  written  many  years  before 
the  Lemma,  basing  his  view  apparently  on  internal  evidence 
only.  The  preface,  Avhich  is  conclusive  as  to  the  priority  of 
the  "  Methodus'^,  is  not  printed  in  Horsley's  complete  edition 
of  Newton's  works  and  may  not  have  been  seen  by  Professor 
Oppermann. 


XOTES. 

In  Proidosition  I  it  is  shown  that  if  the  ordinate  corres- 
ponding to  the  abscissa  A  +  ^  is  a  +  hx  +  cx'^  +  dx^  +  ex*+  .  .  . 
then  expressions  for  all  the  divided  differences  can  be  exactly 
obtained,  lliis  is  proved  by  actual  division  for  the  case  when 
the  highest  power  of  x  involved  in  the  expression  for  the 
ordinate  is  the  foui'th. 

Projjosition  II. — In  the  same  case  as  in  Proposition  I,  the 
values  of  five  ordinates  being  known,  full  directions  are  given 
for  the  solution  of  the  five  simultaneous  equations,  from  which 
can  be  obtained  the  values  of  the  coefficients  in  terms  of  an 
ordinate  and  of  divided  differences  of  the  ordinates. 

In  these  two  Propositions  there  is  some  confusion  in  the 
original  text  as  to  the  first  term  in  the  expression  for  the 
ordinate.  In  the  enunciation  of  Proposition  I  it  is  omitted, 
and  I  have  supplied  it.  In  the  Table  it  is  given  as  A,  the 
abscissa  being  A  +  x.  In  the  demonstrations  it  is  not 
mentioned  until  the  end  of  Proposition  II,  and  an  error 
occurs  there,  it  being  stated  that  the  final  operation  in  the 
solution  of  the  simultaneous  equation  gives  the  first  term  of 
the  abscissa  A.  It  is  quite  clear  that  what  is  obtained  is  the 
first  term  of  the  ordinate,  and  in  the  translation  this  has  been 
called  a  in  correspondence  with  the  remaining  coefficieuts 
h,  c,  d,  &c. 

Froposition,  III.  Case  I. — The  ordinates  being  equidistant 
and  the  number  l^eing  odd  a  central  difference  formula  is  given 
in  terms  of  the  central  ordinate  and  the  central  differences 
which  are  in  line  with  it.     The  coefficients  of  the  formula  are 

^  1   2     x{x-—l)     x{x'^  —  \)     „ 

1,    X,        X  ,  Q  }  c)i  :   &C., 

and  it  will  be  recognized  that  this  is  the  formula  which  is 

H  2 
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commonly  called  Stirling's.  Tlie  differences  used  in  both 
cases  of  this  proposition  are  not  divided  differences  but 
simple  differences  without  division.  It  will  be  found  on 
examination  that  Newton  takes  his  differences  and  measures 
the  values  of  x  in  a  sense  opposite  to  that  which  is  now 
customary.  To  bring  the  details  of  the  work  into  conformity 
with  our  present  practice  the  signs  of  the  odd  powers  of  x  and 
the  sig-ns  of  the  odd  differences  Avould  have  to  be  altered,- 
but  as  it  happens  that  the  odd  powers  of  x  always  occur  in 
combination  with  odd  differences,  this  makes  no  difference  in 
the  formula. 

Case  II. — The  ordinates  being  ecpiidistant  and  their 
number  being-  even,  a  formula  is  given  in  terms  of  the  mean 
of  the  two  central  ordinates  and  of  the  central  differences 
opposite  to  that  mean.  The  coefficients  of  the  formula 
are 

4^.2  _i     x(4.x^-l)     (4i'^-l)(4r2-9)     „ 

1         oi _J ^ LJ: jVC 

8      ^  24       '  384 

This  formula  is  now  commonly  known  by  the  name  of  Bessel's 
formula.     There  is  a  misprint   in   the  original,  e.y  -r  e^  being- 

printed  tor      ^  —  . 

Proposition  IV. — A  misprint  occiirs  in  the  original,, 
where    the    expression    for    the    difference    56    ought    to    be 

A6B6  +  A7B7         ,        ,    A6B6-A7B7       ^.     , 

7—-= and    not  .  ,-.  „         .      JNewton    uses    the 

A6A7  AbA7 

expressions  A6,  B6,  &c.,  to  represent  the  arithmetical  values 

of  the  lengths  of  the  ordinates  without  reference  to  sign,  and 

an  example  of  the  same  practice  will  be  found  in  the  Lemma. 

Case  I. — An  odd  number  of  ordinates  being  given  at  points 

on  the  abscissa  a,  /S,  j,  8,  &c.,  which  are  separated  b}"  unequal 

intervals,  a  central  difference  formula  is  given  in  terms  of  the 

ordinate  at   the   central  point   8   and   of  the   central   divided 

differences  which  are  in  line  Avith  it,  the  coefficients  beino- 


1,  x-S,  (.i-S)x^|^'''^,j;'^j|,  (,v-8)(*-7)(^-e). 


(.-S)(,v-,)(.-.)x^{^;_^y,.^-c. 
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Case  IT. — The  number  of  ordiiiates  being'  even  and  the 
two  central  ordinates  being  at  the  points  S  and  e,  a  formula 
is  given  in  terms  of  the  mean  of  the  two  central  ordinates 
and  of  the  divided  differences  in  line  with  that  mean.  The 
•coefficients  are 

^:c-h){x-e){x-^/){x-^),  &c. 

The  analogy  of  these  two  formulas  for  divided  differences 
Avith  Stirling's  formula  and  Bessel's  formula  will  be  easily- 
seen. 

In  Proposition  V  Newton  points  out  the  application  of 
the  above  four  formulas  when  it  is  required  to  find  any 
intermediate  term  of  a  series,  of  Avhicli  certain  terms  are 
given. 

In  Proposition  VI  he  points  out  that  apiDroximate 
expressions  for  the  area  of  a  curve,  of  which  certain 
ordinates  are  known,  can  be  derived  from  the  preceding 
formulas. 

In  the  ScholiuTn  Newton  gives  well-known  formulas  for 
the  bisection  of  an  interval,  and  for  finding  the  area,  when 
four  ordinates  are  known.  He  then  goes  on  to  describe  a 
process  by  which  the  problem  of  finding  the  approximate  area 
when  2n  +  l  ordinates  are  known  can  be  reduced  to  the  case 
of  finding  the  area  in  terms  oi  n+1  ordinates.  It  will  be 
found  on  examination  tliat  Newton's  process  amounts  to 
exactly  the  same  thing  as  applying  the  formula  for  7i  +  l 
ordiuates  separately  to  the  two  halves  of  the  curve  of  which 
2n+l  ordinates  are  given. 

The  meaning  of  his  next  paragraph  is  not  entirely  clear, 
but  Newton's  idea  may  have  been  to  simplify  the  process  of 
finding  the  approximate  area  by  taking  the  sums  of  the 
ordinates  in  two's  or  three's,  &c.,  using  these  sums  as  new 
ordinates  and  passing  through  their  extremities  a  new  curve, 
the  area  of  which,  taken  between  suitable  limits,  would 
approximate  to  the  area  required. 

Letter  on  the  Cotistruction  of  Tables. — The  two  letters  here 
printed,  the  first  of  which  is  simply  a  letter  from  William 
Jones  to  Professor  Cotes,  enclosing  a  letter  from  Newton, 
dated    8    May   1675,  to  Mr.  John  Smith,   are  taken  from  a 
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volume  published  by  J.  Edleston,  M.A.,  in  1850,  and  entitled 
"  Correspondence  of  Sir  Isaac  Newton  and  Professor  Cotes^ 
"  including  letters  of  other  eminent  men,  now  first  published 
"  from  the  originals  in  the  Library  of  Trinity  College^ 
"  Cambridge ",  &c.  The  directions  for  the  construction  of 
tables  given  by  Newton  are  of  a  very  practical  character, 
and  will  be  easily  followed  by  anyone  who  wishes  to  examine 
his  method  in  detail. 

The  formulas  employed  can  readily  be  obtained  by 
applying  the  binomial  theorem  and  by  using  Stirling's 
interpolation  formula. 

The  two  principal  formulas,  namely  : 

1.1 

S  =  ft)  +  7;St+  x?7l 
2  O 

st 
^~  10  "*"  loo  "^  6u00 

expressed  in  modern  notation  are  as  follows  : 
F(.B+l)-FW  =  F'W  +  .^F"(,iO  +  ^F"'(a-) 

f(.+  i  )-fw  =  /qF'w  +  \y"(.)  +  ^-rJooF'-'W 

The  last  term  in  this  second  formula,  added  by  Mr.  Edleston 
for  the  sake  of  completeness,  appears  to  be  superfluous. 

It  will  be  noticed  that  they  are  in  fact  formulas  of  the 
differential  calculus  and  can  be  written  down  at  once  from 
Taylor's  theorem.  But  Newton's  method  of  obtaining  them 
was  more  probably  that  suggested  above.  Brook  Taylor,  the 
discoverer  of  Taylor's  theorem,  was  not  born  until  ]  685,  and 
the  theorem,  which  he  obtained  as  a  simple  collorary  to 
Newton's  descending  difference  formula  by  making  the 
differences  indefinitely  small,  Avas  first  published  in  1715. 

Lemma  No.  V,  Booh  III  of  the  "  Principia." — This  has 
been  previously  translated  in  an  English  version  of  the 
"  Principia "  published  by  Motte  in  1729.  The  version  here 
given  is  new. 

The     Lemma     gives     the     Avell-known     propositions     of 
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interpolation  by  means  of  descending  differences,  for  equal 
and  for  unequal  intervals,  which  have  always  been  regarded 
as  laying  the  foundation  of  the  calculus  of  finite  differences. 
It  appears  from  Newton's  own  statements  that  the  whole 
of  the  "^^  Principia  "  was  written  between  December  1684  and 
May  1686,  with  the  exception  of  14  specified  propositions 
among  which  the  Lemma  is  not  included.  The  date  of  the 
composition  of  the  Lemma  was  therefore  shortly  before 
May  1686.  It  is  difficult  to  suppose  that  he  was  not 
previously  aware  of  the  propositions  stated  in  the  Lemma ; 
and  it  is  remarkable  that  he  had  not  included  them  in  the 
"  Methodus  "  which  was  composed  many  years  before.  The 
explanation  may  be  that  at  the  time  he  wrote  the  "  Methodus  '* 
his  mind  was  much  engrossed  Avith  schemes  for  the  calculation 
of  extensive  tables,  for  which  the  formulas  of  central 
differences  were  of  greater  practical  use  than  formulas 
proceeding  by  descending  differences.  At  the  time  he 
composed  the  Lemma,  the  particular  point  he  had  in  vieAV, 
as  will  be  found  by  reference  to  the  immediately  succeeding 
proposition  in  the  "  Principia ",  was  its  application  to  an 
isolated  case  of  interpolation. 


In  Newton's  letter  to  Mr.  John  Smith,  the  notation  has 
been  reproduced  without  change,  and  it  may  be  necessary 
to  warn  the  reader  that  in  such  symbols  as  2F  and  F2  the  2 
is  a  suffix  merely.  In  the  versions  given  of  the  "  Methodus  '* 
and  of  the  Lemma,  suffixes  have  been  printed  in  the  way 
now  usual. 

I  have  to  express  my  acknowledgments  to  Mr.  Walter 
Stott  and  Mr.  R.  O'Donovan,  both  of  the  Eoyal  Insurance 
Company,  Ltd.,  for  their  valuable  assistance  in  the  translation 
of  the  "Methodus."  For  the  final  form  of  that  translation  and 
for  any  defects  Avhich  may  be  found  in  it,  and  for  the 
translation  of  the  Lemma,  &c.,  I  must  take  the  entire 
responsibility. 

In  a  future  number  of  the  Journal  I  hope  to  discuss  the 
references  to  the  subject  of  these  notes  which  are  to  be  found 
in  the  letters  of  Newton  included  in  the  "  Commercium 
Epistolicnm." 

Reference  may  appropriately  be  made  here  to  the 
valuable    and    interesting     historical    notes    included    in    a 
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contribution  to  vol.  xviii  of  the  Transactions  of  the  Actuarial 
Society  of  America,  by  Mr.  S.  A.  Joffe,  under  the  title 
"Interpolation  Formulae  and  Central-Difference  Notation '\  in 
which  he  traces  the  history  of  the  subject  from  the  time  of 
Newton,  and  draws  particular  attention  to  the  connection 
between  Newton's  general  formula  for  unequal  differences  and 
the  general  interpolation  formulae  of  Euler  and  Lagrange. 
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r  *'   '^    "'^  j^> 


METHODUS 

DIFFERENTIALIS. 


PROP.    I. 


/  figurae  curz/ilinea  Abfcijfa  compo*, 
natur  ex  quantitate  quavis  data  A, 
is  quantitate  indeterminata  x,  <^ 
Ordinata  conjiet  ex  datis  quotcunqus 
quantitatihus  b,  c,  d,  e,  isrc,  in  tc^ 
tidem  terminos  hujjis  progreffionk 
Geo?;i€tricce  x,  x^  x\  x\  iS'c.  reJpeSlive  duSlii.  h^  ad 
Ahfcilfjx.  pun^a  totidem  data  erigantur  Ordinatith  appli- 
tattt :  dico  quod  Ordinatarum  differentia  prima'  dividi 
pojfint  per  earum  intervallay  is  differetidarum  Jii  divi" 

A  a  farunt 
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METHODUS    DlFFERENTl  ALIS 


farum  difjerentidt  dividi  fofftnt  per  Ordinatarum  bhia- 
rum  intervalla^  (S"  harum  differentiarum  fic  divifamm 
difjerenti<x.  dividi  foffint  per  Ordhtatarum  terfiairum  it> 
tervalla^  O*  fic  deinceps  in  infinitum-. 

Ftenim  fi  pro  AbfciOi  parte  indeterminara  x  ponantur  qaantitates 
qucevis  datcc;/,  </,  r,  5,  f,  &c.  fucceffive,  &  ad  Abfciflarum  fic  datarum 
tcur.inos  erigantur  Ordinate  «•,  /?.  7,  A  «,  &c  Ho:  Abfcifla:  &  Ordina- 
te 6i  Ordinicarum  dift";reiitirE  divifi  per  Abfcifljrum  difterentias  (quae 
utiqus  Tunc  Ordinaiarum  intervalla)  &  quotoram  difFetencis  divifac  per 
Ordinararum  akernarum  difFcrentias,  &  (ic  deinceps,  ■exhibentur  per 
Tabulam  ftquentem. 


AblcilFa: 
A-^p 

A-^q- 
A-^T 

A-Vz 
A-^t 

Oidiiiata: 
A  -\-  bp  -\-  cp-  -t-  dpi  4-  ep4  =  a 
A-\-  hj-Y  cq'- -\r  dq^  ■{■  eq*  =  0 
A  -h  hr  +  a-  +  dr'  +  fr+  =  > 
A-\-hs  4-  a-  +  </.55  4-  "^  =  «r 
A+l!t-\-cr-  +dti  +  et*=i 

Divifor.  Diff.  Ord. 

q  —  r)  H  —  y 

;  ''—0  y—^ 

Quoci  per  divifionem  prodeunces. 

b  +  cxp -t-  7  +  d-^pp+pq  +  'W+  ex;''  +  /'"-'y  +  p?'  +  9'  =  ? 
/;  +  ex  7  4- »-  +  Jx (7<7  +  (/r  +  rr  -F  e  X  7^  4-  ^'-r  +  qr-  -f  j-s  =  ^ 
^-f  cX}--\-  i  -F  ^x»T  4-  T-i-f-  «  4-  fxr^  4-  r=i4-  »j-  4-  iJ  =  6 

b-f  cy.s-\-t  -\-  d>i  ss-\-  St  -Y  tt.-\-eY.si  ^  5:^4-  st--Yti=  k 

p—r)   ^  — « 
i      q  —  s)   «  — 9 
1      r  —  t)    ^  —  K 

c  +  r/x;'  4-  =7  +  '•  +  cxpp  +  p7  +  77  4-  pr  +  (jr  +  )T  =  A 
c  •+  Jx.y-f  r-r  s  +  eX'/7+  '.""  +  "'  +  gj  +  > -s  +  «  =  (^ 
c  4-^XK  +  i  +  ^  +  e%rr-\-rs  4-  «+  j-f  +  it  4- t^  =» 

!      p  —  s)    K—t^ 
q  —  ty    ^  —  y 

^4.ex/y4-g4->-+*  =  ?• 
J  4-  ey.</  4-r4-i4-t  =  ^' 

p—t)    |_^ 

e  =■  s. 

PROP. 
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PROP.    11. 

hfdem  fofitk,  is  quot/  numerus  terminorum  b,  c,  d, 
C,  isc.  fit  finitvsy  dico  quoc/  QuotOTinn  ultimv/s  <xqualh 
er'tt  ultimo  terrjunorum  b,  c,  d,  e,  iSc.  et  quod  fer  Quotos 
reliquos  dabuntur  termini  reliqui  b,  c,  d,  e,  is^c.  et  his 
datis  dahitur  Linea  Curva  generis  Parabolici  qua^  per 
Ordinatarum  o?nnium  terminos  tranfibit. 

Etenim  in  Tabula  fuperiore  Quotus  ultimus  -^  xqualis  erat  termino  ul- 
timo e.  Et  hie  terminus  du£lus  in  fummam  datam  p  +  ^  -f  r  -|-  5,  &:ab- 
latus  de  Quoto  g  relinquit  terminum  penultimum  d.  Et  quantitares  jam- 
data:  dY.p-\-q-\-r  -^^  e  %pp  -\-  p.q -^  qq -\- pr -^  qr -{■  rr  ,  fi  auferantur  de 
Quoto  A,  relinquunt  terminorum  antepenultimum  c.  Et  quantitares  jam 
datae  cy.p-\-  q-\-  dy.pp-\-pq-i-qq  -\-  exp>-^ ppq-\-pqq-\-qi^  fi  aufetantur  de 
Qpoto  ^,  relinquunt  terminum  h.  Et  fimili  computo  fi  plures  eflent  ter- 
mini, colligerentur  omnes  per  Quotorum  Ordinestotidem.  Deindequan- 
titates  data:  bp-'rcpp-^-  dpi  -f  epf^,  fi  fubducantur  de  Ordinata  prima  *,  re- 
linquunt Ablciflk  terminum  primum  ^.  Et  quantitas  A-{-bx-^cx*' 
-\-dx^  +  ex'^-\-^c.  eft  Ordinata  Curvae  generis  Parabolici  qui  per  Ordi- 
nataxum  omnium  datarum  terminos  tranfibit,  exiftente  Abfcifla  A  -f  x. 
Ex  his  Propofitionibus  quae  fequuntur  facile  coUigi  poflunt. 

PROP.    III. 

Si  Re5ta  aliqua  AA^  in  t^quaks  quotcunque  partes 
AA2,  A2A3,  A3A4,  A4A5,  iStc.  dividatur^  is  ad 
punSia  divifionum  erigantur  paralleled  AB,  A2B2,  A 383^ 
iSc.  Invenire  curvam  Geometricam  generis  Parabolici  quae, 
per  omnium  ere^arum  terminos  B,  B2,  B^j  isc.  tranfibit, 

Ereftarum  AB,  A2B2,  A^B?,  Stc.  qusre  difFerentias  Primas,  b,  bi^^ 
^5,  &c.  Secundas  c,  c2,  c?,  &c.  Tertias  ^,  J2,  J?,  &:c.  et  fie  deinceps 
nfque  dum  veneris  ad  ukimam  diSerentiam,  qux  hie  fit  £. 

Tunc. 
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C         C2       Ag 

g      ei     c?     A4 
h     fi    ii    h 
i     g2     C5     C4    A5 

12/3       d4     h<i 

g5    £4    C5     A<S 
/4    Jj    b6 

fj     c6     A7 
J6      by 
C-}      A8 
is 

A9 


^       Tunc  incipicndo  ab  ultima  dif- 

A    I J      ferentia   excerpe  medias   difte- 

^       ^2       P         "^7!      !^°*  rentias  in  alternis  Columnis  vel 

Ordinibus  difFerentiarum,  &:  A- 
fithmetica  oiedia  inter  duas  me- 


dias reliquaruni,  Ordine  pergendo 
ufque  ad  Seriem  primorum  ter- 
minorum  AB,  A2B2,  A5B3,  &c. 
fint  bsc  k,  /,  w,  7;,  o,p,  ^,  I-,  J,  Sec. 
quorum  ultimus  fignificet  \*lti- 
mam  diiFerentiam  ^  penultimus 
medium  Arithmeticum  inter  duas 
penultimas  differentias  ^  ante- 
penultimus  mediam  trium  ante- 
penultimarum  differentiarum,  Sc 
nc  deinceps  ulque   ad  primum 


^uod  erit  vel  medius  terminorum  A,  A2,  A?,  &c.  vel  Arithmeticus  medi- 
us  inter  duos  medics.  Prius  accidit  ubi  numerus  terxnincrum  A,  A25  A?, 
tie.  eft  impar  j  polterius  ubi  par. 

CAS,     1. 

In  Cafu  priori,   fit  A5B5  ifte  medius  terminus,  hoc  eft,  A;B;  =  i, 

^5  =  /,  C4  =  ?«,    -lp=„^f5=o,  ^-P=p,g2=^q,-^=r,z  =  s. 

Et  erefta  Ordinatim  applicata  PQ,  die  A5P=Ari  &  due  terminos  hujus 
Progreflionis 


■X  -X  2Xt-  X 

I        2  31  4  ^jr  6  71  o 

in  fe  continue  •,  Sc  orientur  termini 
i.A  -r. -T— .  — r— 


JI  10 


uz      12       13:1 


t"  —  i4t^  t  49-t'  -3153; 


.  &c. 


•       2.;      •  120  •  720  •  5040 

per  quos  fi  termini  feriei  ^, /,  »/,  k,  0,;?,  &:c,  refpeftive  multiplicentur, 

r  o  T    .      t    1     '^ '        I     ^—^       I     -•''  — r'       .     3:^-53:5*41 

aggregatum factor umfe-f  A,/ +  — otH ^w -i 77-0 -\ — lj7-f  8cc. 

erit  longitudo  Ordinatim  applicatx  PQ.. 

CAS.     II. 

In  Cafu  pofteriori,  fint  A4B4,  AjB;  duo  medii  termini,  hoc  eft,  fit 

AiEi'A'^V;'^         J      I  7    r5*c4  7  ,  ,  <.  .    -^ 

J—  -  K  b4  =  /,  -^  =  ?;/,  </3  =  w,  £2  +  f  3  =  0.  /2  =p,  ^-  =  ^, 
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5^h—r.     F,tere£laOrdinatim  applicata  PQ,  bifeca  ^4^5  in  O,  &di6lo 
OP  =  x,  due  Terminos  hujus  Progreffionis 

i-,  &c.  in  fe  conii- 


I  X  — X 


-^x-x 

3 


i  X  -  X 

5 


XX  • 


X—  X 


XZ' 


nuo  ;  et  onentur  termini  1.  x. 


6x  7  'S 

\xx — 1      4.3:'  —  X.     \6x*  —%ox-\i) 

~8~«        2+      •  Pi         ■ 


&c.  per  quos 
fi  termini  leries  ^,  /,  w, »;,  o,/;,  (7^  8cc.relpe£live  multiplicentur,aggregatum 


faftorum  ^  +  ;fl  +  ^^'«+  ^^^^w  -f 


lit'*  —  (1.0Jr2  J  p 


0  -f  &:c.  erit  Longicu- 


do  Ordinatim  applicats:  PQ. 

Sed  hie  notandum  eft  quod  intervalla  A  A  2,  A2A5,  A3iA4,  &c.  hie 
fupponantur  efle  unitates,  &  quod  differentia  colligi  debent  auferendo 
inferiores  quantirates  de  fuperioribus,  A2B2  de  AB,  A^B?  de  A2B2, 
^2  de  ^,  8cc.  et  faciendo  ut  fint  AB  — A2B2=Z',  A2B2 — A3B3=/^2, 
b  —  hi=c.,  &e.  adeoque  quando  differentia:  ills  hoc  modo  prodeunt 
negativa:  figna  earum  mutanda  funt. 

PROP.    IV. 

Si  reHa  aliqua  in  partes  quotcunque  inaequaks  A  A  2, 
A2A3,  A3A4,  A4A5,  istccfividatur^  is  ad ^un^a  divi- 
fioriumerigantur  faralieice  AB,  A2B2,  A3B3,  isc,  Inve- 
nire  Curvam  Geometricam  generis  Parabolici  qu<z  per 
omnium  ereSiarum  terminos  B,  B2,  B^^  i^c.  tranfibit. 

Sunto  punfta  data  B,  B2,  B3,  B4,  Bj,  B6,  By,  See.  ec  ad  Abfciflam 
quamvis  AA7  demitte  Ordinatas  perpendiculariter  BA,  B2A2,  &c. 

Et  fac  ^4-^=  ^,  ^i^^i^^  =  h2, 

AA2  '  A2A3  ' 

A^B3  -  A4BA   ;  A4C4  — A?B^    t^ 

1^^  —   ^5'    mi ^45 

A5B5—  A-5Bi5   I  A^B6-  A7B7    t  , 

A5A6  ~       '■>  A6A7  ' 

—  A7B7-  a8b8  


A7A» 


hi. 


T)sinde—  =c,-^  =  C2,  -^  =  c3,  &c. 


AA4 


Et  ^"i  -  e 

'^'^    AA5     ~   ^: 


A2A4  '     A3A5 


A2A5 
rf2  -d> 


=  £2, 


^3, 8cc. 


A2A6  "•'         A^A7 

Sic  pergendum  eft  ad  ultiraam  differentiam 

B  b 
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98  'METHODUS    DIFFERENTIALIS 

DifFerentiisfitcollectis  &  divifis  per  intervalla  Ordinatim  applicatarum  5 
in  akernis  earum  Columnis  five  Seriebus  vel  Ordinibus  excerpe  medias, 
incipiendo  ab  ultima,  &in  reliquis  Columnis  excerpe  media  Arithmetica 
inter  duas, medias,  pergendo  ufque  ad  firiem  primorum  rerminorum,  AB, 
A2B2,  8cc.  Sunto  hsc  i,  /,  m, «,  0, ;;,  7,  r,  &-c.  quorum  ultimus  terminus 
fignificet  ultimam  differentiam  j  penultimus  medium  Arithmeticun;  inter 
duas  penultimas  ^  antepenaltimus  mediam  mum  antepenultimirum,  &c. 
Et  primus  I  erit  media  Ordinatim  applicata,  fi  numerus  darorum  pun- 
ftorum  eft  impar  ^  vel  medium  Arithraeticum  inter  duas  n»edias,  fi  nu- 
merus eorum  eft  par. 

CAS.     I. 


In  Cafu  priori/ic  A4B4  ifta  media  Ordinatim  appUcata,hoc  ell,fit  A^Bi^^zh^ 
^31^  =  /,  C3  = »«,  ^^'  =r,  e2  =  0,  -^-^  =p,g  =  q.  Et  erefta  Ordi- 
na'tim  applicata  PQ.,  &  in  Bafi  AA5:  furapto  quovis  punftoO,  die  OP=;f, 
^  due  in  fe  gradatim  terminos  hujus  Progreffionis 

ix.v-OA4X^-2Hi^^x^^J:ZEIFx;c-^^:iil^^x8ce. 

et  ortam  Progreflionem  alTerva  -,  vel  quod  perinde  eft  due  terminos  hujus 

ProgrefTionis 

1  X  x—Oa^x  x—Ohi  X  z— OA5  xa — OA2  X  z— OA6  x  x—Oa  x  x—0.\y  x  &c, 

in  fe  gradatim,  Sc  teiminos  exinde  ortos  due  refpeftive  in  terminos  hujus 
Ptogreflionts 

,..^__^_0A^5,     ;,_10A2lOA_5^      ;,_10A40A7^      ^^^        gj        ^jig^jyj        jgj^Jjj. 

intermedii  tota  Progreflione  exiftente 

'1.X-OA4.  x^_loilif^ll°^.v  +  ^^^H^xOA4,  &c. 

Vel  die  OA  =  *,  OA2  =  /?,  OA?  =  y,  6A4  =  /,  OA5  =  *,  0A6  =  C, 
OA7  =  «  :  ^^^!^°-^^  =  9,  2hl^  =  X,  ^^^  =  A.    Et  ex  Progreffione 

1  X  T^^xJ^^Tx  7^  X  TIT^  x7^  x  z  — aX  x~  «  &c.  collige  ter- 
minos quibus  multiplicatis  per  i.at— 8,  x— x,  *--^  &c  collige  alios 
terminos  intermedios,  tora  ferie  prodeunre 

1,  ;c  — ./^,  x^  —  jO^&x-yJB,  xi^Tp^x^  -\-  yTf^x  —  yJ'i,  &c. 
per  cujus  terminos  multiplica  feries  k,  /,  w,  w,  0,  &c.    Et  aggregatum 
produaorum  k -f  J^rj' x  Z  +  ;c- --<Hr6*  +  '^6  ><  ?»  +  £cc.  eric  longitudo 
Ordinatim  applicatx  PQ; 

CAS. 
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METHODUS    DIFFERENTIALIS. 
CAS.     II. 


99 


In  Cafu  pofteriori,  fint  A4B4,  A5B5  duac  mediae  Ordinatim  applicaia:, 

Et  alternorum  /:,  ?«,  0,  ^,  &c.    Coefficiemes  orientur  ex  multiplicatione 
terminorum  hujus  Progrefllonis  in  fe 

ixj—  OA4X1— OA5xr — OA3Xi — Ort6x^ — OA2XZ— OA7  x  z— Oa  x  j— 0~a8&c. 

Et  reliquorum  Coefficientes  ex  multiplicatione  horum  per  terminos  hujus 
PiogreUionis 


tOA4  +  OA5  t  OA3  )OA5        y__  t  OA2  t  OA7         . ♦  OA  t  OAS 


,  &c. 


Hocelt,entit+x— ^-^^^^f^^xZ-t-x^— UA4-i-OA5x-l-  OA4X  OAj  ><;;/,&c. 
Ordinatim  applicata  PQ,, 

VelP(l=4+      *    ^^+   XX+    ATX/ZZ+x    X-fx    X-f    a:    xw&c." 

;-OA4       — OA4     — .OA5         — OA4    — OA5     —  rOA3 

—  iOAs  —  iOA6 


tOAtf  OAs 


Sive  die  X-  l^i^^^^  =  T,      X-OA4XX-OA5  =  ?. 


g^;c--^-^^^^^  =  (r,  ?xx^OA3xx-OA6=T, 

Txx  — *""V""^  =  .,  rXx-0A2  XX-OA7  =  p, 

^>c;f  — iii^i^  =  >:,?xx-OA  xx-0A8=-l, 
Et  erit  it  4-  t/  +  f w  +  <r«  4-  to  +  f^j  +  9 j  +  X''  -\-  -!-  ^  =  PQ^ 


PROP.     V. 

Datis  aliquot  terminis  feriei  cujufcunque  ad  data  mter^ 
valla  difpofitisy  invenire  terminum  quemvis  intermedin 
um  quamproxime. 

Ad  re£lam  pofitione  datam  erlgantur  termini  dati  in  dato  angulo,  inter- 
pofitis  datis  intervallis,  8c  per  eorum  pun8:a  extima,  per  Propoiitiones 
praecedentes,  duca^urlinea  Curva  generis  Parabolic!.  Haec  enim  continget 
terminos  omnes  intermedios  per  feriem  totam. 

PROP. 
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roo  METHODUS   DI FFERENTI  ALIS. 

PRO  P.    VI. 

Figuram  quamcunque  Ciirvilineam  quadrare  quamproxime, 
cajm  OrdinatiZ  aliquot  inveniri  pfunt. 

Per  terminos  Ordinatarum  ducatur  linea  Curva  generis  Parabolici  ope 
Propofuionum  praccedentium.  Hic  enim  figuram  terminabit  quae  Temper 
quadrari  poreft,  ec  cujus  Area  squabitur  Area:  figura:  propofitac  quam- 
proxime. 

SCHOLIVM. 

Utiles  funt  hx  Propofitiones  ad  Tabulas  conftruendas  per  interpolatio 
nem  Serierum,  ut  &  ad  folutiones  Problematum  qua!  a  quadraturis  Cur- 
varum  dependent,  prsfertim  fi  Ordinatarum  intervalla  &  parva  fint  & 
sequalia  inter  fe,  &C  Reguis  computentur,  &  in  ufum  refer\'entur  pro  dato 
quocunque  numero  Ordinatarum.  Ut  fi  quatuor  fint  Ordinate  ad  squalia 
intervalla  fits,  fit  A  fumma  primae  &  quarrac,  B  fumma  fecund^  &:  ter- 
tis,  &  R  interrallum  inter  primam  U  quartam,  &  Ordinata  nova  in  me- 
dio omnium  erit  -^,  &  Area  tora  inter  primam  &  quartam  erit  ^-^  R. 

Et  nota  quod  ubi  Ordinatac  ftant  ad  a^quales  ab  invicem  diftantias,  fij- 
mendo  fummas  Ordinatarum  quje  ab  Ordinata  media  hinc  inde  aqualiter 
diftant,  5c  duplum  Ordinata:  mediar,  componitur  Curva  nova  cujus  Area 
pel  pauciores  Ordinatas  determinatur,  Si  aqoalis  ell  Ares  Cun'ae  prioris 
quam  invenire  oportuit.  Quinetiam  fi  pro  Ordinatis  novis  fumantur  fum- 
ma Ordinate  prima  &  fecundae,  et  fumma  tcrtiae  &  quartaf,  et  fummi 
quints  &  fexts,  8f  fie  deinceps  •,  vel  fi  fumantur  fumma  trium  primarum 
Ordinatarum,  &  fumma  trium  proximarum,  Sc  fumma  trium  quae  funt 
deinceps  5  vel  fi  fumantur  fummx  quaternarum  Ordinatarum,  vel  fammae 
quinarum  :  Area  Cur\2  nova:  squalis  erit  Arcae  Curva  primo  propofits. 
Et  fie  habitis  Curva:  quadrandae  Ordinatis  quotcunque  quadratura  ejus  ad 

quadraturam  Curva:  alterius  per  pauciores  Ordinatas  reducetur. 

Per 
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'METHODUS  DIFFERENTIALIS.  loi 

P^r  data  vero  pun£la  quotcunque  non  folutn  Curvx  line:^  generis  P^ra- 
hoUci^  fed  etiam  Curva:  alix  innumera:  diverforum  generutn  duci  pofliint. 

Sunto  CDE, FGH Curvac dua:  Abfciflam  haben- 
tes  communem  AB,  et  OrcJlnatas  in  eadem  reQa 
jacentes  BD,  BG  ;  8£  relatio  inter  has  Ordinatas 
definiatur  per  jequationem  quamcunque.  Dentur 
punfla  quotcunque  per  qua:  Curva  CDE  tranfire 
debet,  8c  per  acquationem  illam  dabuntur  pun- 
£la  totidem  nova  per  qu?  Curva  FGH  tranfibit. 
Per  Propofitiones  fuperiores  defcribatur  Cuivx 
FGH  generis  ParaboM  qua:  per  pun£la  ilia  omnia  tTova  tranfeat,  &:  pet 
asquatloneni  eandem  dabitur  Cujva  CPE  qu^  per  punSta  omnia  prinv? 
data  tranfibit, 


F  I  tt  r  s. 


VOL.    LI. 
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I. 

METHODUS   DIFFEREXTIALIS. 

{I'ranalation.) 

Prop.  I. 

If  the  ahscissa  of  a  curve  consist  of  a  given  quantity  A  and  an 
indeterminate  quantity  :c,  and  if  the  ordinate  consist  of  any  number  of 
quantities  h,  c,  d,  e,  &c.,  multiplied  respectively  into  a  corresponding 
number  of  terms  of  the  G.  P.  x,  9?,  o?,  j-},  dx.,  and  if  ordinatcs  be 
erected  at  as  many  points  of  the  ahscissa ;  then  the  first  differences  of  the 
ordinates  are  divisible  by  their  intervals;  and  the  differences  of  the 
differences  so  divided  are  divisible  by  the  intervals  between  alternate 
ordinates  ;  and  the  differences  of  these  differences  so  divided  are  divisible 
by  the  intervals  beticeen  every  third  ordinate,  and  so  on  indefinitely. 

Thus  if  given  quantities  p,  q,  r,  s,  t,  &c.,  be  substituted  in 
succession  for  the  indeterminate  portion  of  the  abscissa,  and 
ordinates  a,  ft,  y,  8,  e,  &c.,  be  erected  at  the  extremities  of  the 
abscissae  so  determined ;  the  abscisste  and  the  ordinates,  and  the 
differences  of  ordinates  di^-ided  by  the  differences  of  abscissfe  (which 
are  in  fact  the  intervals  of  the  ordinates),  and  the  differences  of  the 
quotients  di\ided  by  the  differences  of  alternate  ordinates,  and  so 
on,  are  shewn  in  the  following  table.     (See  p.  86.) 

Prop.  II. 

Making  the  same  suppositions  and  assuming  the  mimber  of  terms  h, 
c,  d,  e,  d:c.,  to  he  finite,  the  last  quotient  will  be  equal  to  the  last  of  the 
terms  b,  c,  d,  e,  &c.,  and  the  remaining  terms  vjHI  be  found  by  means  of 
the  remaining  quotients :  and,  when  these  terms  are  known,  a  parabolic 
curve  is  determined  which  passes  through  the  e:dremities  of  all  the 
ordinates. 

Thus,  in  the  preceding  table,  the  last  quotient  o-  is  equal  to  the 
last  term  e  ;  and  the  product  of  this  term  by  the  known  sum 
p  +  q  +  r  +  s  when  subtracted  from  the  quotient  ^  leares  as 
remainder  d,  the  last  term  but  one.  The  quantities  d  {p  +  q  +  r) 
+  e  ip-  +pq  +  q^  +pr  +  qr  +  ?•")  which  are  then  known,  being  deducted 
from  the  quotient  A,  give  the  term  c.  The  quantities  c{p  +  q) 
+  d  ip'  +  23q  +  q")  +  e  ip^  +  p^q  +  pq~  +  q^),  which  are  then  known, 
being  deducted  from  the  quotient  (,  leave  the  term  b.  By  a  similar 
calculation,  other  terms,  if  any,  would  lie  obtainable  by  means 
of  a  corresponding  series  of  quotients.  Finally,  the  ascertained 
quantities  hp  +  cp"  +  dp^  +  ep'^,  when  deducted  from  the  first  ordinate 
a,  leave  the  first  term  a  of  the  expression  for  the  ordinate.  And 
the  quantity  a  +  bx  +  cx^ +  dx^  +  ex^,  &c.,  is  the  ordinate  of  a 
parabolic  curve  which  passes  through  the  extremities  of  all  the 
given  ordinates,  the  abscissa  being  A  +  x. 

From  these  propositions  those  which  follow  are  easily  inferred. 
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Prop.  III. 

Ij  a  straight  line  A1A9  he  divided  into  any  numher  of  equal  parts 
A1A2,  A.2A3,  A3A4,  A4A5,  lie,  and  if  parallel  straight  lines  AiBi,  AoBo, 
A3B3,  djc,  b^  erected  at  the  points  of  division,  it  is  required  to  find  a 
parabolic  curve  which  shall  pass  through  the  extremities  of  all  these  lines. 

(See  figure  on  p.  88). 

Find  the  first  differences  bi,  bo,  b^,  &c.,  of  the  ordinates  AiBi, 
AoBo,  A3B3,  &c.  ;  the  second  differences  C],  C2,  C3,  &c.  ;  the  third 
differences  di,  do,  d^,  &c.  ;  and  so  on,  up  to  the  last  difference  and 
let  that  difference  be  called  i. 

Then  beginning  at  the  last  difference,  take  the  central  differences 
in  the  alternate  columns  or  orders  of  differences,  and  the  arithmetic 
means  between  the  two  central  differences  in  the  remaining  columns, 
proceeding  in  order  up  to  the  series  of  primary  terms  AiBi,  AoBo, 
A3B3,  A4B4,  &c.  Call  the  terras  extracted  /.-,  /,  rn,  n,  0,  p,  q,  r,  s,  &c.  ; 
the  last  of  these  symbols  representing  the  last  difference  ;  the  last 
but  one,  the  mean  between  the  two  difterences  in  the  last  column 
but  one,  the  last  but  two,  the  central  difference  of  the  three  differ- 
ences in  the  last  column  but  tAvo,  and  so  on  to  the  first  of  the 
symbols,  which  will  represent  either  the  central  ordinate  of  the 
series  A1B2,  AoBo,  A3B3,  &c.,  or  the  mean  between  the  two  central 
ordinates,  the  former  happening  when  the  number  of  the  ordinates 
is  odd,  and  the  latter  when  the  number  is  even. 


CASE  I. 
In  the  former  case  let  A-B.3  be  the  central  ordinate,  that  is  put 

A5B5  =  A-,  ^^  =  1,  d^m,  ^^  =  n, 

U  +  U  'h  +bo  .      , 

es  =  0,  •'-— ^'  =P,g-2  =  Q,    ^y^  =  r,  1  =  ^. 

Erect  the  ordinate  PQ  and  let  AP  =  x.    Xow  multiply  continuously 
into  one  another  the  terms  of  the  progression, 


1        •' 


x'-l   X   or  -  i  X   s;--9   X  xr-\%    x   x^  —  'lb    x    .-c^  -  36 


2'      3x  '  4'     5.7;  '  6'     Ix  '  8'      9.1-    '  10'     Ux   '  12'     Ux   ' 

&c.,  the  resulting  terms  being 

1        ^  x^  -X  x^  -  x^  of  -  f>x?  +  4.?:  x^  -  f)X*^  +  4a;^ 
'  ^'2'      6    '      24    '         120       '  720 

x7-14a;^  +  49a;^-36,T 


5040 


-,  &c. 


I  2 
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Then  if  these  terms  be  respectiA'ely  multiplied  into  the  terms  of  the 
series  /.-,  /,  m,  n,  a,  i?,  &c.,  the  sum  of  the  products,  namely 

,          ,     0?          0-?  -  X         x^  -  x'         of"  -  bx?  +  ix  £, 

^.  +  .^.J+-.„^  +  __.n  +  ^^.o  + — ^p  +  kc. 

will  be  the  length  of  the  ordinate  PQ. 


CASE  II. 

In  the  latter  case  let  A4B4  and  AjB^  be  the  two  central  ordinates, 
that  is,  put 

Erecting  the  ordinate  PQ  take  the  middle  point  0  of  AjAj,  and  call 
OP  =7;. 

Now  multiply  continuously  into  one  another  the  terms  of  the  pro- 
gression 

9      1  o      9  0      25  o     49 

a;""  —         or  —          o'"  -  —         or  — -- 
I   r  4    ei  4    32    4_    0:  4     ^ 

2x       3       4.,;       o        63;         '        8x 
the  resulting  terms  being 

4;r-l    4o^-x    16x^-40a--  +  9    . 

1,  0:, ,  , ,  ccc. 

'    '       8      '      24     '  384 

Then  if  these  terms  be  respectively  multiplied  into  the  terms  of  the 
series  /.",  I,  m,  n,  0,  p,  q,  &c.,  the  sum  of  the  products,  namely, 

,         ,     4:>-^-l           ix^-x         IQo-*  -  iOor  +  9       ,  . 
7;  +  .;./+-^--.;«  +  ^^.n  + — .  +  c^-c. 

Avill  be  the  length  of  the  ordinate  PQ. 

It  is  to  be  noted  that  each  of  the  intervals  AjAo,  A2A3,  A3A4,. 
&c.,  is  here  assumed  to  be  unity ;  also  that  the  differences  are  to  be 
obtained  by  deducting  the  lower  quantities  from  the  upper,  A0B2 
from  AjBi,  A3B3  from  AoBo,  ho  from  h^,  e\:c.,  so  that  AiBj  -  AoB._>  = 
hi,  AoBo- A3B3  =  ?A2,  hi-h.2  =  Ci,  iScc,  and  further  that  when  any  of 
the  differences  taken  in  this  way  turn  out  to  be  negative,  effect 
must  be  given  to  the  negative  signs. 
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Prop.    IV. 

If  a  straicjlit  line  he  divided  into  any  number  of  unequal  paiis 
AiA.i,  A0A3,  A3A4,  A4A5,  dr.,  and  if  parallel  straight  lines  AjEj, 
AoBo,  A3B3,  (ix.,  be  erected  at  the  points  of  division;  it  is  required  to 
find  a  parabolic  curve  which  shall  pass  through  the  extremities  of  all  the 
lines  so  erected. 

(See  figure  on  p.  89.) 

Let  the  given  points  be  B] ,  Bo,  B3,  B4,  B5,  Be,  B7,  &c.,  and  let 
fall  ordinates  BiAi,  B^Ao,  <S:c.,  perpendicularly  on  the  abscissa 
A1A7.      Put 

AiBi-AoBo     ,      A0B2-A3B3     ,      A3B3-A4B4     , 

' — r~i —  =''1'  — m. —  =^2?  — r-T —  =03, 

AiAo  A2A3  A3A4 


A4A.:i 

A: 

.Ao        -^- 

Ac 

,A;           -^- 

A-As 

Thence  derive 

h^-h,     ^ 
A1A3 

ho  -  /'3 
A,A4      '^' 

A3A,    -^^' 

&c.  ; 

and  then 

^1  "  ^2  _  ,7 

''-  ~  '^■'     d 

C3  -  Q          ,7 

4  A   ~   ^' 

&c.  ; 

A,A,-   -' 

and 

di  -  do 

A1A5 

do  -  ds     ^ 
AoAg 

A3A7 

Sec.  ; 

the    process   being   continued    in    the    same    way   until    the   last 
difference  is  reached. 

After  the  differences  have  been  collected  and  divided  by  the 
intervals  between  the  ordinates,  the  next  step  is  to  pick  out  the 
central  terms  in  the  alternate  columns  (or  series,  or  lines),  reckon- 
ing from  the  last  difference,  and  the  arithmetic  means  between  the 
two  central  terms  in  the  remaining  columns,  right  up  to  the  series 
of  primary  terms  AiBi,  AoBo,  &c.  Let  the  terms  extracted  be 
k,  I,  m,  n,  0,  p,  q,  r,  &c.,  of  which  the  last  symbol  denotes  the  last 
difference  ;  the  last  but  one,  the  mean  between  the  two  differences 
in  the  last  column  but  one  ;  the  last  but  two,  the  central  difference 
of  the  three  differences  in  the  last  column  but  two,  &c-  Then  the 
first  symbol  J:  will  represent  the  central  ordinate  if  the  number  of 
ordinates  is  odd,  or  the  arithmetic  mean  between  the  tAvo  central 
ordinates  if  their  number  is  even. 
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CASE    I. 

In  the  former  case  let  A4B4  be  the  central  ordinate,  that  is, 

putA^B,^;.,  ^-^=1,  c,  =  m,  'h±l^=n,  e,  =  o,^^=p,  g  =  q. 
2i  li  ^ 

Having   erected   the  ordinate  PQ,   take  a  fixed    point  0  in  the 

base  A1A.3  and  call    OP  =  .r.     Then  multiply  into  one  another  in 

succession  the  terms  of  the  progression, 

^,             OA3  +  OA,      (■>--QA3)(:r;-0A,) 
1,    .r-(JA4,    X 


OA2  +  OAe 


.r-l(0A3+0A,) 
,  &c., 


and  take  the  resulting  progression. 

Or,  what  comes  to  the  same  thing,  multiply  into  one  another  in 
succession  the  terms  of  the  progression, 

\x-  OA4 ,    {x  -  OA3) U- -  OA,),    (.r -  OAo)(.r -  OAc), 

{.r-OAi)(,r-OA:),    &c. 

Then  multiply  the  resulting  terms  respectively  into  the  terms  of 
the  progression,  . 

OA3  +  OA-,  OAo  +  OAfi  OAi+OA-     . 

1,  X ^-^ ^,  X -^ ,  X ^ ,  &c., 

and  intermediate  terms  will  be  ol^tained,  the  complete  progression 
being 

^,  o        OA3+2OA4  +  OA;  OA3  +  OA,        c\\         M 

1,  X-OA4,  or- —^ ■''X  + ^— ^xOA4,  &c. 

Otherwise,    let     OAi  =  a,     0Ao  =  /3,    OA3  =  7,    0A4  =  S,    0A.3  =  e, 
OA       -r    OA  OA3  +  OA.-,      .    OAo  +  OAc      ^    OAi  +  OA, 

Obtain  terms  by  continuous  multiplication  from  the  progression 

1,  re  -  8,  X  -  y,  X  -e,  X-  (3,  X  -  (,  X  -  a,  X  -  tj,  S^C, 

and  obtain  intermediate  terms  by  multiplying  the  results  respectively 
by 

1,  x-O,  X-  X,  x-k,  (fcc, 

the  whole  series  being 

l,x-8,x'^-{8  +  e)x  +  86,  x^-{8  +  1d)x?  +  (ye  +  286)x  -  ySe,  &c.. 
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the  terms  of  which  are  to  be  multiplied  respectively  by  l;  I,  m,  n,  o,  p, 
&c.     Then  the  sum  of  the  products,  namely 

Jc  +  {x-S).l  +  {a;2  -  (8  +  B)x  +  W] .  m  +  &c. 

will  be  the  length  of  the  ordinate  PQ. 

CASE  II. 

Ill  the  latter  case  let  A4B4,  A-^j,  be  the  two  middle  ordinates, 
that  is,  put 

The  co-efficients  of  the  alternate  terms  are  obtained  by  the  con- 
tinuous multiplication  of  the  terms  of  the  progression, 

1,  (.;  -  0A4)(,>-  -  OA.3),  {x  -  0A3)(^-  -  OAg),  {x  -  0A2)(.r  -  OA;), 
(,'•  -  OAi)(.'>:  -  OAs),  &c.. 

and  those  of  the  remaining  terms  are  obtained  by  multiplying  the 
above  co-efficients  by  the  terms  of  the  progression, 

OA4  +  0A-,         OA3  +  OAc,         OAo  +  OAy   ^.     OAi  +  OAg 

X  2         '  ^■'  2         '  ^  2         '  '^'  2         " 

Then 

Avill  be  the  ordinate  PQ  ; 

or,      Tq  =  k  +  (:c-^OA,-^OAXl+ir-OA,){x-OAr).vi 

+  {x  -  0A4)C>;  -  0A5)(.r  -  |0A,  -  ^  OAo)  .  n,  &c. 
Thus  putting        a._QA4  +  OA5  ^^^       (.7;- 0A4)(a;-0A,)  =  p, 

P .  (.  -  ^^A3±0Ae,)  ^  ,,   , .  (,  _  0A3)(x-  -  OAJ  =  r. 

,.(,,_  Q-^--  +  Q-^^)  =  .,   . .  (.  -  0A,)(.  -  OA.)  =  <^, 

'^.(x-^^if^)  =  X,c/>.(^-OA,)(.-OAs)  =  ^. 

the  equation  to  the  curve  will  be 

!<,  +  -. l  +  p.m  +  (r.n  +  T.o  +  v.p  +  4>.q-{-x-'r  +  ^-s  =  PQ. 
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Prop.  V. 

Cetiain  terms  out  of  a  sequence  of  values  being  given,  arranged  at 
known  intervals,  it  is  required  to  find  any  intermediate  term  as  closely  as 
possible. 

On  a  fixed  straight  line  erect  at  a  constant  angle  the  given  terms 
arranged  at  the  given  intervals ;  and  let  a  parabolic  curve  be  drawn 
through  their  extremities  by  means  of  the  preceding  propositions. 
This  curve  will  pass  through  the  extremities  of  all  the  intermediate 
terms. 

Prop.  VI. 

To  find  the  approximate  area  of  any  curve  a  number  of  whose  ordin- 
ates  can  he  ascertained. 

Let  a  parabolic  curve  be  drawn  through  the  extremities  of  the 
ordinates  by  means  of  the  preceding  propositions.  This  will  form 
the  boundary  of  a  figure  whose  area  can  always  be  ascertained,  and 
its  area  will  be  approximately  equal  to  the  area  required. 


SCHOLIUM. 

These  propositions  are  useful  for  the  construction  of  tables  by 
the  interpolation  of  series,  as  also  for  the  solution  of  problems 
which  depend  on  finding  the  areas  of  curves,  especially  if  the 
intervals  between  the  ordinates  are  small  and  equal  to  one  another ; 
and  rules  applicable  to  any  given  number  of  ordinates  can  be 
derived  and  recorded  for  reference.  For  example  :  If  there  are 
four  ordinates  at  equal  intervals,  let  A  be  the  sum  of  the  first  and 
fourth,  B  the  sum  of  the  second  and  third,  and  E  the  interval 
between  the  first  and  fourth  ;    then   the  central  ordinate  will  be 

~     ,  and  the  area  between  the  first  and  fourth  ordinates  will 


be 


16 
A  +  3B 


Note  also  that  when  the  ordinates  stand  at  equal  distances  from 
one  another,  the  sums  of  ordinates  which  are  equally  distant  from 
the  central  ordinate,  along  with  twice  the  central  ordinate,  supply 
data  for  a  new  curve  the  area  of  which  is  determined  by  means  of  a 
smaller  number  of  ordinates  and  is  equal  to  the  area  of  the  original 
curve.  Moreover,  if  the  sum  of  the  first  and  second  ordinates,  the 
sum  of  the  third  and  fourth,  the  sum  of  the  fifth  and  sixth,  and  so 
on  in  succession  are  taken  as  new  ordinates  ;  or  if  the  sum  of  the 
first  three  ordinates,  the  sum  of  the  next  three,  and  the  sum  of  the 
succeeding  three  are  taken  ;  or  if  the  sums  of  the  ordinates  are 
taken  four  at  a  time,  or  five  at  a  time,  the  area  of  the  new  curve 
will  be  equal  to  that  of  the  original  curve.  And  in  this  way,  when 
a  number  of  ordinates  are  given  of  a  curve  whose  area  is  required, 
the  calculation  of  the  area  is  reduced  to  that  of  the  area  of  another 
curve  by  means  of  a  smaller  number  of  ordinates. 
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Through  a  given  number  of  points  not  only  parabolic  curves 
but  an  infinity  of  other  curves  of  different  kinds  can  be  drawn. 

(See  figure  on  page  93.) 

Let  CDE,  FGH,  be  two  curves  having  a  common  abscissa  AB, 
and  ordinates  BD,  BG,  lying  in  the  same  straight  line  ;  and  let  the 
relation  between  the  ordinates  be  defined  by  any  equation  whatever. 
Let  any  number  of  points  be  given  through  which  the  curve  CDE 
is  required  to  pass,  and  by  that  equation  an  equal  number  of  points 
will  be  given  through  M'hich  the  curve  FGH  will  pass.  By  means 
of  the  foregoing  propositions  let  a  parabolic  curve  FGH  be 
described  passing  through  those  points,  and  by  the  same  equation  a 
curve  CDE  will  be  given  which  will  pass  through  all  the  points 
first  given. 


II. 

LETTER  ON  CONSTRUCTIOX  OF  TABLES. 

LETTER  CIX. 

W.  Jons  to  Prof.  Cotes. 

London,  Jan.  1st,  17,;^. 

D'-  Sr- 

"Oil  have  sent  you  here  inclos'd,  the  Coppy  of  a  Letter, 
that  I  found  among  Mr.  Collins's  papers,  from  S^-  Is.  Newton  to 
one  M^-  Smith  ;  the  contents  thereof  seem  to  have,  in  some  measure, 
relation  to  what  you  are  about,  as  being  the  application  of  the 
Doctrine  of  Differences  to  the  making  of  Tables  ;  and  for  that  reason 
I  thought  it  might  be  of  use  to  you,  so  far  as  to  see  what  has  bin  done 
■already  :  I  shew'd  this  to  S^-  Isaac,  he  remembers  y*-  he  apply 'd 
it  to  all  sorts  of  Tables,  but  has  nothing  by  him  more  than  what  is 
printed :  I  have  more  papers  of  M^'  Mercator's  and  others,  upon 
this  subject,  tho,  I  think,  none  so  material,  as  this.  I  shou'd  be 
very  glad  to  see  what  you  have  done  of  this  kind  all  publish'd. 
And  I  must  confess,  that,  unless  you  design  a  considerable  large 
Volume,  'twere  much  better  to  put  them  into  the  Transactions ; 
for  that  wou'd  sufiiciently  preserve  them  from  being  lost,  which  is 
y^-  common  fate  of  small  single  Tracts  ;  and  at  y®-  same  time  save 
the  trouble  and  expense  of  printing  them,  since  the  subject  is  too 
•curious  to  expect  any  profit  by  it :  and  besides,  now,  as  the 
R.  Society  having  done  themselves  the  honour  of  choosing  you  a 
Member,  something  from  you  cannot  but  be  acceptable  to  them  : 
S^"-  Isaac  himself  expects  those  things  of  yours  that  I  formerly 
mentioned  to  him  as  your  promise. 

I  am,  S^'-  your  much  oblig'd 

friend,  &  humble  Serv*- 

W.  JONES. 
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LETTER  CIX.  (his). 

Keivfoii  io  J.  Smith. 
[Enclosed  in  Letter  CIX.]  [Copy.] 

Tei>'.  Coll.  Cambeidge,  3Iaij  8ih,  1675. 

I  have  consider'd  y^-  buisiaess  of  computing  Tables  of 
Square,  Cube,  &  Sq,  Sq^-  Roots  ;  and  y^-  best  way  of  p'forming  it, 
yt-  I  can  think  of  is  y^-  which  follows  : 

If  yu-  wo'd  compute  a  Table  to  S  decimal  places,  let  y^-  roots 
of  every  hundredth  number  be  extracted  to  ten  decimal  places, 
and  then  compute  every  tenth  numb^-  and  afterwards  every 
number  by  the  following  methods  : 


Tab.  I. 


Tab.  II. 


«  — 50 
»-40 
«-30 
n-20 
n-10 
11 

M+10 

M  +  20 
»  +  30 
n  +  40 
M  +  50 


*0 

a 

m 

0 

op 

J3 

m 

■K 

M 

y 

m 

X 

qr 

s 

m 

p 

rs 

e 

m 

(T 

sf 

c 

m 

T 

tv 

V 

m 

V 

rx 

e 

m 

<P 

xy 

I 

m 

^ 

yz 

K 

m 

(0 

z* 

A. 

lO 


»-6 

M  — 5 

«— 4 
«-3 
n-2 
n-1 
» 

n  +  1 
n  +  2 
w  +  3 
«+4 
n  +  5 

M  +  6 
M  +  7 

«  +  8 
»  +  9 
«  +  10 

M  +  U 

n  +  12 


4E 

5€ 

5E.     F5 

C^ 
F4 

C3 
F3 

F2 

Fl 

C 
F 

H 

IF 

2F 

H 
3F 

H 
4F 

5F.     G5 

rj4 
(U 
r,3 
G3 
^2 
G2 

vl 
GI 

V 

G 
Iv 
IG 

2G 


Too 


tv 

Too 


1918.]  Newton's  Interpolation  Formulas.  103 

In  the  Fir.^t  Table. 

Let  11  signify  every  100^^  numbi"-  &  F  its  root,  whether  Square, 
Cube,  or  Sq.  Square  ;  and  n  -  50,  n  -  40,  n  -  30,  &c.,  every  tenth 
numb^-  ;  and  A,  B,  C,  D,  &c.,  their  roots  ;  and  o,  p,  q,  r,  &c.,  the 
differences  of  these  roots  :  and  op,  pg,  qr,  vie.,  their  second  differences, 
(that  is  op,  the  dift".  of  o  &  p,  pq  the  dift'.  oi  p  &  q,  d'c.)  and  m  their 
third  difference,  that  is  y^-  common  difference  of  ^o  k  op,  op  &  pq, 
pq  &  qr,  &c. 

Further,  let  a,  (3,  y,  8,  &c.,  signify  y^-  the  differences  of  these 
Roots  from  those  next  less,  namely,  a  the  difference  of  y^-  root  of 
n-  50  iSc  ye-  like  root  oin-ol,  (3,  the  diff.  of  y^-  roots  n  -  40  «.1' »  -  41, 
C  the  diff.  of  y^-  roots  of  n  &  n-  1,  77  the  diff-  of  y^-  roots  of 
71+10  &  w  +  9,  &c.     And  let  0,   -,    x,   p,  &c.,  signify  the  diff.  of 

a,  (3,  y,  8,  (I'c.     And     -^  the  common  diff".  of  0,  ~,  x,  P,  &c- 

In  the  Second  Table. 
Let   n  -  6,   ??  -  5,   w  -  4,   n-  3  A;c.   signify  y^-  single  numbers, 
4E,  5E,  or  F5,  F4,  F3  &c.  their  roots, 

0€,  (i,  (3,  ^  &c.  the  diff.  of  those  roots  : 

sit 
:^—  the  common  diff.  of  those  differences  for  y^-  ten  numbers. 

between  n-5  &  n  +  5. 

And  so  for  y^-  ten  numbers  between  n  +  o  &  n  +  lo  ;  let  Go,  G4, 

G3,  itc.  signify  y^-  roots  ;  7j4,  773,  172  &c.  their  first  differences,  and 

tv 
-— -  their  second  differences  ;  and  the  like  for  every  denarie  between 

n- 50  &  71  +  50. 

This  explication  of  the  Tables  being  p'mis'd,  you  may  compute 
them  thus  ; 

lOF  lOoj      ,    30x/ 


Out  of  n,  r  Square  1 
extract  -|  Cube  | 
F  ye-  I  Sq.  Sq.  J 


=  st,  - — -  =  m 
2w  '2n  2n 

lOF  20co      ,    50.^/ 


=  M, 


St, 


3n         '  371         '     3n 

lOF  30o)      .  70.^ 

=  tij,  =sf,  =  m 

4??  in  471 


^^t 

And  these  quantities  F,  st,  m,  s,  ^,  &  o-,  being  thus  found,  y®-  rest 
are  given  by  Additn.  &  Subduct. 

f  Xofe  by  Editor  (J.  Edle8T0>-). — I  have  added  the  ^,,,,,.     I  have  also 
corrected  some  other  errors  of  transcription.  faUUU 

Note  by  D.  C.  F. — The  quantity  is  so  small  that  Newton  properly 

omitted  it.  6U00 
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For     5^  +  m  =  rs,   rs  +  m  =  qr,  &c.   st  +  m  =  tv,  tv  +  m  =  rx,  ^c. 

Again  s  +  rs  =  r,     r  +  rq  =  q,  &c.       s  -  st  =  t,       t  -iv  =  r,  iK:c. 

And     F-s  =  E,    E-r  =  I),  clc     F  +  ^  =  G,    G  +  v  =  ll,&c. 

Further 

m  m  r,  m  m  p 

10     '  10     ^'  10       '        10       ' 

Lastly  ^+o-  =  e,  e  +  p  =  8,  &c.    C-'''  =  ^?j  ^;-v=^,  &c. 

These  quantities  being  thus  computed  in  the  first  Table,  to  every 
lO^'i  number,  the  roots  may  l)e  computed  in  y®-  2*^  Table  to  every 
numb^-  by  Addition  and  Subduction  only  ; 

For        C  +  —  =  CI ,  (1  +  -^-  =  C2,  &c. 
'^     100     ^  ^       100     ^  ' 

^     100  100 

Again      F  -  C  =  Fl,    Fl  -  (1  =  F2,  &c. 

F  +  1C=1F,    1F+2C=2F,  &c. 

Thus  you  must  proceed  to  five  Figures  on  either  hand,  and 
then  do  the  like  ni  the  next  ten  Figures,  saying 

'      100  100       '  ' 

And  the  like  for  every  Denarie  between  n  -  50  &  n  +  50. 

In  these  Computations,  Note,  1^^ — That  they  must  be  done  every- 
where to  10  or  11  decimal  places,  if  you  will  have  a  Table  of  Roots 
exact  to  8  of  these  places. 

2dly. — If  qY  it  G5,  the  roots  of  n  -f  5  found  two  ways  agree  to 
8  decimal  places,  it  argues  the  whole  works  from  -which  they  were 
derived  to  be  true.  And  so  of  y^-  roots  oi  n+  15,  v,  +  25,  n  -  5,  &c. 
And  also  of  y^"-  Terms  A,  *o,  &  a;  L,  ;:;*,  &  A  where  two  works 
meet.     Let  this  therefore  be  y^-  Proof  of  y^-  work. 

This  S^'-  is  w*-  has  occurred  to  me  about  your  design,  which  I 
hope  will  do  your  business,  the  whole  work  being  p'form'd  by 
Addit.  it  Subduct :  excepting  y*  in  y^-  computation  of  every  100*^ 
number,  there  is  required  y^-  Extraction  of  one  root,  &  three 
divisions  to  find  F,  oj,  sf,  &  m. 

S^-  I  am. 

Your  humble  Serv*- 

IS.  NEWTON. 


[Note  appended  hy  Editor,  J.  Edlestox.] 

The  person  to  whom  this  letter  is  written  may  be  conjectured  to  be  ■'  John 
Smith,  Philo-Accomptant ",  author  of  Stereometrie,  Lond.  1673.     (He  must  not 
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be  coufounded  with  Cotes's  uncle).  In  the  Macclesfield  Correspondence,  II, 
370—374,  there  are  two  other  letters  on  the  extraction  of  roots  from  Newton  to 
this  same  person  (not  to  Collins,  as  there  printed)  dated  July  2-i  and  Aug.  27, 
1675,  in  the  former  of  which  he  refers  to  the  method  given  in  the  foregoing 
letter.  Mr.  J.  Smith  seems  to  have  had  a  design  of  constructing  Tables  of 
Square,  Cube  and  Biquadr.  Roots,  and  consulted  Newton  as  to  the  best  mode  of 
computing  them.  The  Tables,  if  ever  made,  do  not  appear  to  have  been  published. 
The  earliest  Tables  of  Koots  are  Briggs's  MS.  Tables  of  the  Square  Roots  of 
Numbers  up  to  1000  mentioned  in  May  ne's  Merchant's  Companion  (London,  1674), 
p.  80. 


III. 

PRINCIPIA.     BOOK   III.     LEMMA   V. 

(Translation) 
To  find  a  paralolic  curve  whicli  shall  ixiss  flnvugh  any  given  x>oints  : 


h.> 


h; 


h 


h- 


Cq 


^3 

d,  d. 


e-2 


f 


Let  the  points  be  A,  B,  C,  D,  E,  F,  &c  ,  and  from  them  let  fall 
perpendiculars  AH,  BI,  CK,  DL,  EM,  FN,  on  any  given  straight 
line  HX. 

Case  I. — If  the  intervals  HI,  IK,  KL,  iSjc,  between  the  points 
H,  I,  K,  L,  M,  N,  are  equal,  find  the  first  differences  }>,  ho,  h^,  h^, 
hr„  Sec,  of  the  perpendiculars  ;  the  second  ditferences  c,  Co,  C3,  ^4,  &c.  ; 
the  third  differences  d,  fL,  d^,  &c.,  so  that  AH-BI  =  ^,  BI  -  CK 
^bo,  CK-DL  =  Z^3,  DL  +  EM  =  ^*4,  -EM  +  FM  =  i5,  &c.  ;  b-k, 
=  c,  &c.  ;  and  so  on,  to  the  last  difference,  which  in  this  case  is  /. 
Then  having  erected  any  perpendicular  RS,  which  shall  be  an 
ordinate  to  the  reciuired  curA'e,  in  order  to  find  its  length  put  each 
of  the  intervals  HI,  IK,  KL,  LM,  equal  to  unity  and  let  AH  =  «, 

-HS=iJ,    lpx(-lS)  =  q,    lqxSK  =  r,   ^rxSL  =  ..,    lsx^M  =  t, 
2  3  -t  5 

proceeding  in  the  same  way  to  the  last  but  one  of  the  perpendiculars 

ME,  and   prefixing  the   negative  sign  to  the  terms  HS,  IS,   &c., 

which  lie  on  the  same  side  of  the  point  S  as  A,  and  the  positive 

signs  to  the  terms  SK,  SL,  Sec,  which  lie  on  the  other  side  of  the 

jjoint  S.     Then,  observing  the  correct  signs,   ES  will  be    =a  +  bp 

+  cq  +  dr  +  es+ft,  &c. 

Case  II. — But  if  the  intervals  HI,  IK,  &c.,  between  the  points 

H,    I,  K,    L   are   unequal,    find   h,    b.,,   b^,  b^,  65,   being   the  first 

differences  of  the  perpendiculars  AH,  BI,  CK,  &c.,  divided  by  the 
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intervals  lietween  the  perpendiculars  ;  c,  r?o,  ^3,  C4,  &c.,  the  second 
differences  di'S'ided  by  the  intervals  between  the  alternate  per- 
pendiculars ;  d,  do,  ds,  &c.,  the  third  differences  divided  by  the 
intervals  between  every  third  perpendicular;  e,  e.2,  &c.,  the  fourth 
difierences   divided    by  the   intervals    Ijetween    every   fourth    per- 

r    1  1  .1^7      AH  -  BI      ,       BI-CK 

pendicular,    and    so    on  ;     so     that    0  =  — -— — ,     bo  =  — ~- — - , 

HI  IK 

d  =         '"  ,    <^2=  "fTT^j    ^^-      The    differences  having  been   ascer- 
HL         "       IM 

tained,  put  AH  =  a,  -  HS  =p,  p  x  (  -  IS)  =q,  qy.  SK  =  r,  r  x  SL  =  s, 
s  X  SM  =  i ;  proceeding,  it  Avill  be  understood,  to  the  last  per- 
pendicular but  one,  ME  ;  then  the  ordinate  RS  will  be  =a  +  hp  +  cq 
+  dr  +  es+ff,  &c. 

Corollary. — Hence  the  areas  of  all  curves  can  be  ascertained 
approximately.  For  if  several  points  are  found  of  the  curve  whose 
area  is  required,  and  a  parabolic  curve  be  supposed  drawn  through 
these  points,  its  area  will  be  approximately  the  same  as  that  of  the 
given  curve.  But  the  area  of  the  parabolic  curve  can  always  be 
found  geometrically  by  methods  that  are  very  well  known. 


Notes  on  some  recent  develojjments  of  Pension  Problems  in 
America.     By  ^Y.  J.  H.  AVhittall,  F.I.A.,  F.A.S. 

iNTEODUCTOEy. 

oOME  interesting  reports  have  come  to  hand  recently  from 
America  showing-  that  pension  questions,  and  more  particularly 
the  proper  methods  of  financial  provision,  are  receiving  a  great 
deal  of  attention  throughout  the  United  States  and  Canada. 
A  thorough  exploration  of  these  sources  of  information  by 
actuarial  encjuirers  is  clearly  desirable  in  the  public  interest, 
especially  in  view  of  the  enormous  accretions  that  are  being 
made  to  the  pension  liabilities  of  this  country  as  a  consequence 
of  the  war,  both  directly  on  the  military  side  and  indirectly 
through  the  great  increase  in  the  numbers  of  the  biireaucracy 
and  the  rising  scales  of  all  salaries  and  Avages. 

For  instance,  the  Prime  Minister  on  a  recent  Saturday 
afternoon  promised  the  Metropolitan  Police,  who  were  on 
strike,  an  increase  of  pensionable  pay  of  I05.  a  week.  The 
additional  liability  for  pensions  alone  thus  placed  on  the 
taxpayer  must    represent   a   present    capital  value   of  some 
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millions  of  pounds ;  but  no  information  has  been  given  on 
this  point,  nor  is  it  known  even  whether  a  calculation  of  the 
cost  was  made  before  the  liability  was  incurred.  A  still  more 
disturbing  incident  is  the  issue  of  an  official  statement  by 
the  President  of  the  Board  of  Education  (Cd.  9141),  that  he 
proposes,  obviously  with  the  consent  of  the  Treasury,  to 
introduce  a  Bill  which  "will  bring  within  one  comprehensive 
^'  system  of  State  pensions,  on  a  non-contributory  basis,  the 
^'  certificated  teachers,  the  uncertificated  teachers,  and  the 
"  teachers  of  special  subjects  in  elementary  schools,  and  the 
"  teachers  in  all  other  schools  aided  by  the  Board  of 
^'  Education,  including  those  training  colleges  which  are  not 
'•'  departments  of  universities."  The  scale  of  benefits  will 
closely  resemble  that  of  the  Civil  Service  Superannuation 
Act  of  1909,  and,  speaking  generally,  all  existing  staffs,  male 
and  female,  are  to  be  included  in  respect  of  past  service.  As 
I  understand  the  statement,  the  contributory  scheme  for  all 
secondary  schools  recommended  by  a  departmental  committee 
(Cd.  7365),  to  be  effected  by  means  of  insurance  policies,  will 
now  be  superseded.  As  the  total  salary  list  in  the  aided 
secondary  schools  and  training  colleges  is  over  £2,500,000,  I 
should  not  be  surprised  if  in  their  case  the  total  present  value 
of  Mr.  Fisher's  proposed  benefits  amounted  to  as  much  as 
£8,000,000  or  £10,000,000  for  the  existing  staffs.  As  regards 
the  elementary  schools,  I  have  not  salary  statistics  at  hand, 
but  Sir  George  Hardy  and  Mr.  D.  C.  Eraser  found  over 
100,000  teachers  in  service  in  1912,  and  an  estimated  present 
salary  list  of  £15,000,000  would  be  not  unreasonable.  The 
present  value  of  the  pensions  in  their  case  might  thus  amount 
to  £50,000,000  or  more.  But  this  would  be  for  existing  staffs 
only.  If  the  service  be  regarded  as  a  going  concern,  and  the 
cost  be  reckoned  of  replacing  outgoing  members,  the  present 
value  would  be  largely  increased.  In  the  case  of  some  of  the 
State  services  in  America,  it  has  been  found  that  this  consider- 
ation has  more  than  doubled  the  actuarial  estimates  of  the 
present  capital  cost.  I  only  mention  these  rough  guesses  to 
show  what  large  sums  are  in  question,  and  the  urgent  need  of 
proper  information. 

It  will  probably  be  found  that  a  great  deal  is  taking  place 
in  America  which  has  a  distinct  bearing  on  the  numerous 
schemes  now  being  introduced  or  contemplated  in  this  country. 
By  way  of  a  beginning,  I  propose  to  give  a  short  account  of 
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the  Carnegie  Foundation  for  the  Advancement  of  Teaching ; 
and  to  supplement  this  later  by  drawing  attention  to  a  few 
of  the  recent  developments  in  the  field  of  municipal  and  state 
pensions. 

The  Carnegie  Foundation  foe  the  Advancement 
OF  Teaching. 

In  1905  Mr.  Andrew  Carnegie  set  aside  £2,000,000  in 
5  per-cent  Steel  Bonds  (the  dollar  being  reckoned  at  4s.)  to 
benefit  the  teachers  engaged  in  higher  education  in  the 
United  States  and  Canada,  and  the  "  Carnegie  Foundation 
"for  the  Advancement  of  Teaching"  was  established.  Its 
Twelfth  Report,  written  by  Dr.  H.  S.  Pritchett,  the  President, 
and  issued  from  576,  Fifth  Avenue,  New  York  City,  contains 
a  good  deal  of  information  apart  from  their  own  experience. 
Except  where  otherwise  stated,  my  facts  are  taken  from 
this  Report.  For  the  following  historical  summary  of  the 
proceedings  of  the  Foundation  I  am  partly  indebted  to  a 
memorandum  prepared  by  Mr.  James  Robb,the  Secretary  of 
the  Carnegie  Universities  Trust  in  Edinburgh. 

The  revenue  of  £100,000,  in  the  words  of  the  Certificate 
of  Incorporation,  was  mainly  "  to  provide  retiring  pensions, 
"  without  regard  to  race,  sex,  creed,  or  colour,  for  the  teachers 
"  of  universities,  colleges,  and  technical  schools  in  the  United 
"  States,  the  Dominion  of  Canada,  and  Newfoundland,  who, 
"  by  reason  of  long  and  meritorious  service  in  these 
"  institutions,  shall  be  deemed  by  the  Board  of  Directors  to 
"  be  entitled  to  the  assistance  and  aid  of  this  Corporation,  or 
"  who,  by  reason  of  old  age  or  disability,  may  be  prevented 
"  from  continuing  in  the  active  work  of  their  profession  ;  to 
"  provide  for  the  care  and  maintenance  of  the  widows  and 
"  families  of  the  said  teachers.  .  ."  Mr.  Carnegie,  in  his 
letter  to  the  trustees,  of  date  16  April  1905,  gave  his  reasons 
for  the  Foundation.  He  had  reached  the  conclusion  that  the 
least  rewarded  of  all  the  professions  was  that  of  the  teacher 
in  the  higher  educational  institutions  of  America,  that  able 
men  hesitated  to  adopt  teaching  as  a  career,  and  many  old 
professors,  whose  places  should  be  occupied  by  younger  men, 
could  not  be  retired,  and  that  expert  calculation  showed  the 
revenue  would  be  ample  for  the  purpose  he  had  in  view. 

There  were  to  be  no  contractual  relations  and  no  legal 
promises  as  to  future  jDensions.     At  the  same  time,  in  order 
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to  preserve  the  self-respect  of  the  recipients,  it  was  considered 
necessary  to  avoid  any  eleemosynary  taint,  and  the  pensions 
were  to  be  regarded  as  fairly  earned  by  the  past  service.  After 
mature  deliberation  and  consultation  with  actuaries,  adminis- 
trators, teachers,  and  publicists,  the  trustees  adopted  a 
system  of  retiring  allowances  which  was  non-contributory 
and  stipendiary  in  character,  namely,  one-half  of  the  average 
salary  for  the  last  five  years  plus  £80 ;  they  admitted  a 
selected  list  of  institutions  to  the  permanent  privileges  of  the 
pension  endowment,  believing  that  it  was  better  to  establish 
a  fair  retiring  allowance  system  in  a  limited  number  of 
colleges  than  a  very  poor  system  in  a  large  number;  they 
decided  to  award  these  pensions  at  the  minimum  age  of  65, 
and  to  give  a  smaller  pension  after  25  years  of  service  as  a 
professor,  on  the  ground  of  disability ;  and  they  extended  the 
privileges  of  the  Foundation  to  instructors  and  to  the  widows 
of  teachers. 

The  experience  acquired  in  the  working  of  this  system  for 
a  few  years  banished  some  delusions,  such  as  the  expectation 
on  the  part  of  many  teachers  that  they  would  be  able  to 
retire  in  the  fifties  and  spend  the  rest  of  their  lives  in  literary 
art  or  scientific  research,  the  anticipation  of  college  presidents 
that  inefiicient  men  could  be  disposed  of  by  a  pension,  as  well 
as  the  expectation  of  the  trustees  that  scientific  research 
could  be  stimulated  by  a  judicious  use  of  retiring  allowances. 
It  was  also  soon  found  out  that  the  revenue,  which  expert 
calculation  estimated  Avould  be  ample  for  the  purpose,  was  to 
be  quite  insufficient  to  meet  the  demands  made  upon  it  by 
eligible  applicants.  It  had  been  stated  in  the  First  Annual 
Report  that  the  average  pension  paid  by  the  Trust  was  then 
£290,  and  was  expected  to  be  less  in  future.  At  the  close  of 
1912,  six  years  after  the  Trust  was  initiated,  the  general 
average  had  increased  to  fully  £335,  and  was  likely  to  increase 
further.  It  was  also  estimated  that  the  pension  system  could 
be  maintained  at  a  cost  of  somewhere  between  7  and  10 
per-cent  of  the  salary  roll,  and  that  an  income  of  £100,000 
would  maintain  such  a  system  for  a  group  of  between  3,000 
and  4,000  teachers.  At  30  September  1912  the  amount 
distributed  annually  had  already  grown  to  £114,085  for  429 
retiring  allowances,  and  90  widows'  pensions  in  all,  and  the 
cost  then  amounted  in  general  to  about  4  per-cent  of  the 
salary  roll  of  the  accepted  institutions.     Finally,  on    1  April 
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1917  there  were  6,593  teachers,  including  professors  and 
instructors,  in  the  associated  colleges  and  universities  (now 
73  in  number),  and  at  30  June,  when  the  general  endowment 
of  the  Foundation  stood  at  almost  £2,900,000  the  total 
number  of  allowances  in  force  was  480,  and  the  cost  £147,872. 
As  regards  the  future,  the  estimate  now  is  that  for  nearly  the 
whole  of  the  coming  fifty  years  the  load  upon  the  Foundation, 
arising  from  the  continuation  of  the  present  rule,  even  if 
limited  to  existing  staffs,  would  exceed  the  present  income 
of  the  Foundation.  It  was  assumed  that  the  income  for 
the  purposes  of  pension  payments  would  be  approximately 
£150,000  per  annum,  and  it  was  calculated  that  in  forty-five 
years  there  would  be  a  deficit  of  some  millions.  Thus  the 
work,  begun  with  the  best  intentions,  and  with  the  utmost 
desire  to  serv^e  the  teaching  body,  resulted  in  conclusions 
which  were  quite  different  from  the  assumptions  upon  which 
it  started. 

Clearly  the  whole  problem  of  pensions  had  to  be  faced  by 
the  Trust,  and  a  new  basis  found  if  possible.  Very  careful 
consideration  was  given  to  the  problem  in  all  its  bearings 
from  time  to  time.  On  15  April  1916  Dr.  H.  S.  Pritchett, 
the  President,  by  direction  of  the  trustees,  issued  for  general 
distribution  his  pamphlet  entitled,  "A  Comprehensive  Plan 
"  of  Insurance  and  Annuities  for  College  Teachers."  This 
plan  claimed  to  be  based  upon  the  results  of  a  study  of  the 
personal  statements  of  some  4,000  college  teachers  Avho  had 
furnished  full  information  as  to  their  experience  in  the  effort 
to  protect  their  families  against  the  risks  incident  to  their 
calling.  The  conclusion  of  the  enquiry  was  that  a  contributory 
system  in  which  both  teacher  and  college  joined,  and  which 
was  so  constructed  that  it  would  not  restrict  migration  from 
one  college  to  another,  was  the  only  system  of  retiring 
annuities  which  was  at  once  socially  wise,  economically  sound, 
and  permanently  secure. 

Criticism  of  the  pamphlet  and  the  advice  of  all  in- 
terested— teachers,  actuaries,  and  publicists — were  invited. 
Voluminous  correspondence  followed,  and  it  Avas  then  resolved 
that  the  plan  be  referred  to  a  Joint  Commission  consisting 
of  six  trustees  of  the  Foundation,  two  representatives  of  the 
American  Association  of  University  Professors,  and  one 
representative  each  from  the  Association  of  American 
Universities,  the  National  Association  of  State  Universities, 
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and  the  Association  of  Aiuerisan  Colleges^  assisted  by  an 
actuary.  This  body  of  eleven  individuals  was  thus  represent- 
ative of  the  leading  educational  authorities  of  America.  On 
27  April  1917  it  agreed  upon  a  comprehensive  plan  of 
insurance  and  annuities  which  was  recommended  to  the 
trustees,  and  to  a  description  of  which  I  will  return 
presently. 

The  difficulties  in  which  the  Carnegie  Foundation  had 
found  itself  involved  are  very  much  those  which  would  have 
been  foreseen  by  competent  actuarial  opinion.  Lessons 
derived  from  actual  experience,  however,  are  often  more 
readily  received  than  any  results  of  a  priori  reasoning, 
however  competent.  It  may,  therefore,  be  worth  Avhile  to 
quote  at  length,  and  in  Dr.  Pritchett's  own  words,  the 
conclusions  arrived  at  by  the  Trustees  of  the  Foundation,  as 
the  result  of  their  12  3'ears'  experience  of  "hit  or  miss'' 
methods  of  granting  pensions. 

The  past  year  has  been  a  notable  one  in  the  history  of  the 
Carnegie  Foundation.  It  has  marked  the  culmination  of  some 
twelve  years  of  study  and  investigation. 

When  the  Carnegie  Foundation  was  established,  the  founder 
and  those  associated  with  him  had  no  thought  of  any  other  form 
of  pension  system  than  that  of  a  teacher's  pension  paid  entirely 
from  an  endowment  provided  for  that  purpose,  and  without  the 
participation  of  the  teacher.  The  concern  of  the  trustees  and  of 
the  founder  was  so  to  introduce  such  a  pension  to  the  colleges  and 
teachers  of  the  United  States,  Canada,  and  Newfoundland,  that  it 
might  not  seem  a  gratuity — that  it  might  come  as  a  right,  not  as  a 
favour  

The  experience  of  twelve  years  and  the  examination  of  the 
pension  problem  in  all  countries  has  led  the  trustees  to  no  different 
conclusion  as  to  the  need  for  making  any  pension  a  matter  of  right, 
not  a  matter  of  favour.  The  exhaustive  study  made  in  these 
intervening  years  has  shown  clearly  that  no  system  of  free  pensions 
can  be  devised  which  will  not  in  the  end  affect  the  teacher's  pay. 
The  experience  of  the  world  has  also  now  accepted  the  economic 
truth  that  the  members  of  any  group  in  the  body  politic  receive 
their  best  ser\"ice  at  the  hands  of  society  when  the  machinery  is 
provided  by  which  they  may  attain  therein  economic  independence, 
rather  than  have  the  risk  of  dependence  lifted  from  them  by  free 
gift.  It  is  also  clear  that  the  opportunity  to  protect  themselves 
against  dependence  should  be  open  to  the  great  body  of  teachers, 
not  to  a  selected  minority. 

Under  the  pressure  of  these  conclusions  the  officers  and  trustees 
of  the  Carnegie  Foundation  were  faced  with  two  duties  :  first,  to 
carry  out  fairly  and  to  the  best  of  their  ability  the  obligations 
assumed  in  the  associated  institutions ;  and  secondly,  to  establish 
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as  quickly  as  possible  a  system  of  benefits  open  to  the  great  body  of 
teachers  in  the  three  English-speaking  countries  of  North  America, 
upon  terms  which  should  be  permanent,  economically  sound,  and 

■\Wthin  the  reach  of  the  teacher  and  of  his  college The  second 

question — namely,  what  are  the  sound  bases  for  the  protection  of 
the  lives  of  teachers  against  dependence? — has  been  difficult  to 
deal  Avith,  but  the  conclusions  to  which  all  authorities  have  come 
have,  on  the  whole,  been  more  generally  accepted.  The  result  of 
the  twelve  years'  work  of  the  Foundation  has  been  epoch-making  in 
this  respect.  The  studies  brought  together  from  all  sources  have 
demonstrated  that  the  problem  of  insurance  and  the  problem  of 
the  annuity  cannot  be  financially  separated.  This  study  has  made 
clear  the  fact  that  a  contributory  system  of  annuities  is  the  only 
one  Avhich  society  can  permanently  support,  and  under  which  the 
teacher  shall  be  sure  of  his  protection.  Finally,  these  studies  have 
made  clear  that  the  establishment  of  a  co-operation  for  the  common 
protection  of  college  teachers  in  the  United  States,  Canada,  and 
Newfoundland,  would  mean  in  a  generation  a  security  for  the 
profession  of  the  teacher,  and  a  solidarity  of  feeling  which  nothing 
else  can  bring  about. 

While  the  work  of  these  years  has  been  difficult,  while  questions 
have  necessarily  been  raised  which  brought  criticism  and  alarm,  the 
results  of  this  work  have  nevertheless  been  the  greatest  contribution 
to  the  profession  of  the  teacher  which  the  Carnegie  Foundation 
could  possibly  accomplish.  Nothing  Avill  count  so  much  for  the 
future  as  to  bring  about  a  form  of  co-operation  under  which  each 
man  who  enters  the  teacher's  profession  may  be  able  to  enter  into 
a  contract  whereby  he  and  his  family  shall  be  protected  against 
dependence,  and  at  a  cost  within  his  ability  to  pay.  It  is  to  be 
regretted  that  this  knowledge  was  not  available  when  the  Foundation 
began.  The  one  thing  which  such  an  agency  can  do  is  to  proceed 
sincerely  and  courageously,  once  the  information  is  in  its  hands. 
This  is  what  the  Carnegie  Foundation  has  undertaken  to  do.  It  is 
encouraging  to  find  from  the  widespread  correspondence  Avhich 
comes  to  the  Foundation,  that  the  great  body  of  teachers  have 
realized  the  effort  which  has  been  made,  have  sjonpathized  with  the 
difficulties  to  be  overcome,  and  have  accepted  in  the  best  spirit  the 
results  to  which  the  studies  have  led. 

The  past  year  of  the  Foundation — marking  as  it  does  the 
acceptance  of  the  fundamental  principles  worked  out  in  the  ten 
years  past,  committing  the  Foundation  definitely  to  the  principles 
of  the  contributory  pension,  to  a  plan  of  insurance  and  annuities 
which  mutually  support  each  other,  and  to  an  organization  open 
to  the  great  body  of  college  teachers  of  the  whole  Continent — is  the 
combination  of  twelve  years  of  work,  begun  with  the  best  intentions 
and  with  the  highest  desires  to  serve  the  teaching  body,  but  resting 
in  the  end  upon  conclusions  quite  different  from  the  assumptions 
upon  which  the  work  started.  In  this  day  of  world  trial,  the 
Carnegie  Foundation  has  sought  to  deal  sincerely  both  with  its 
obligations  and  its  mistakes. 
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It  will  now  be  interesting  to  revert  to  the  detailed 
conclusions  of  the  Joint  Commission  to  which  reference  has 
been  made.  In  the  first  instance,  it  had  tables  submitted  by 
actuaries  showing  that  the  probable  future  "load"  of  the 
pensions  exceeded  the  income  in  prospect.  The  following 
extract  is  made  from  these  statements  as  illustrating  a  point 
discussed  a  good  deal  in  this  country  in  reference  to  State 
peL'sious,  namely,  the  impossibility  of  accepting  the  relation 
of  the  non-effective  votes  to  the  effective  votes — that  is, 
of  current  pensions  to  current  salaries — as  any  guide  to 
future  commitments  where  the  numbers  in  service  are 
increasing  rapidly.  It  was  found  that  the  Foundation  had 
cognizance  of  2,898  members  of  existing  male  staffs  between 
the  ages  of  35  and  64.  If  their  age  distribution  had  been 
that  of  a  normal  population  (McClintock^s  Table)  it  would 
have  been  as  set  out  in  column  2.  Their  actual  age 
distribution  was  found  to  be  as  set  out  in  column  3. 


Age 
period 

(1) 

Estimated  Distribution         i             ,    .„  ,  „.  .   ■■..-,, 
ofa  Stationary  Population      1            Actual  Distribution 

(•-')                                                        (3) 

35-39 
40-44 
45-^9 
50-54 
55—59 
60-64 

570 
540 
509 
473 
430 
376 

904 
715 
550 
359 
211 
159 

Total 

2,898 

2,898                      1 

i 

It  is,  of  course,  obvious  that  the  numbers  approaching 
age  65  at  the  present  time  are  no  guide  to  the  number  of 
future  pensioners. 

After  consideration  of  this  question,  the  Joint  Commission 
frankly  agreed  that  the  obligations  of  the  Foundation  need 
not  be  regarded  as  extending  in  any  case  beyond  existing 
teachers ;  and  while  hoping  that  future  and  further  subsidies 
from  extraneous  sources  might  enable  it  to  bear  the  heavy 
but  limited  future  load  as  regards  existing  teachers,  it 
recognized  that  the  ever-increasing  burden  which  obviously 
would  accrue  Avith  future  appointments  could  not  be  borne 
without  contributions.  The  Joint  Commission  thereupon, 
■with  typical  American  thoroughness  and  effort  to  get  down  to 
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logical  foundations^  voted  a  series  of  fundamental  principles 
for  a  sound  pension  system  which  may  be  given  in  full. 

I. 

1.  The  function  of  a  pension  system  is  to  secure  to  the 
individual  who  participates  in  it  protection  against  the  risk  of 
dependence  due  to  old  age  or  to  disability. 

2.  The  obligation  to  secure  this  protection  for  himself  and  for 
his  family  rests  first  upon  the  individual.  This  is  one  of  the 
primary  obligations  of  the  existing  social  order.  Society  has  done 
its  best  for  the  individual  when  it  provides  the  machinery  by  which 
he  may  obtain  this  protection  at  a  cost  within  his  reasonal)le  ability 
to  pay. 

3.  Men  either  on  salary  or  on  wages,  are,  in  the  economic  sense, 
employees.  The  employer,  whether  a  government,  a  corporation, 
or  an  individual,  has  a  direct  financial  interest  in  the  establishment 
of  some  pension  system  which  shall  enable  old  or  disabled  employees 
to  retire  under  satisfactory  conditions.  In  addition,  society  de- 
mands to-day  that  the  employer  assume  some  part  in  the  moral  and 
social  betterment  of  his  employees.  The  obligation  of  the  employer 
to  co-operate  in  sustaining  a  pension  system  is  primarily  a  financial 
one,  and  in  the  second  place,  a  moral  one. 

4.  A  pension  system  designed  for  any  group  of  industrial  or 
vocational  workers  should  rest  upon  the  co-operation  of  employee 
and  employer. 

5.  Teachers'  pensions  should  lie  stipendiary  in  character, 
amounting  to  a  fair  proportion  of  the  active  pay. 

II. 

1.  In  actuarial  terms  a  pension  is  a  deferred  annuity  upon  the 
life  of  one  or  more  individuals,  payalile  upon  the  fulfilment  of 
certain  conditions. 

2.  In  order  that  an  individual  participating  in  a  pension  system 
may  be  assured  of  his  annuity  when  due,  one  condition  is  indispens- 
able :  There  must  be  set  aside,  year  by  year,  the  reserve  necessary, 
with  its  accumulated  interest,  to  provide  the  annuity  at  the  age 
agreed  upon.  On  no  other  conditions  can  the  participator  obtain 
a  satisfactory  contract.  The  man  of  thirty  who  participates  in  a 
pension  plan  under  which  he  expects  an  annuity  thirty-five  or  forty 
years  in  the  future  will  take  some  risk  of  disappointment  in  accept- 
ing any  arrangement  less  secured  than  a  contractual  one. 

3.  A  pension  system  conducted  upon  the  actuarial  basis  of 
setting  aside,  year  by  year,  the  necessary  reserve  is  the  only  pension 
system  whose  cost  can  be  accurately  estimated  in  advance. 

4.  A  method  by  which  a  pension  is  paid  for  in  advance  in  annual 
or  monthly  instalments  is  the  most  practical  plan  which  can  be 
devised  for  purchasing  a  deferred  annuity,  proA'ided  that  the  contri- 
butions begin  early  in  the  employee's  career,  and  provided  also  that 
the  contributions  paid  in  year  by  year  receive  the  benefit  of  the 
current  interest  for  safe  investments. 
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5.  As  a  matter  of  practical  administration,  a  pension  system 
should  applj^  to  a  group  whose  members  live  under  comparable 
financial  and  economic  conditions.  To  attain  its  full  purpose,  par- 
ticipation in  the  pension  system  to  the  extent  of  an  agreed  minimum 
should  form  a  condition  of  entering  the  service  or  employment  the 
members  of  which  are  co-operating  in  the  pension  system. 

As  to  the  machinery  by  which  these  principles  could  be 
put  in  operation,  the  Commission  recommended  that  a  new 
Teachers'  Insurance  Association  should  be  formed  under  the 
laws  of  the  State  of  New  York.  The  joint  contributions  of 
employer  and  employed  would  be  paid  to  this  Association  in 
exchange  for : 

(1)  Term  Insurances,    for    family  provision,   to  last    until 

age  65,  and  of  "flexible"  amounts  to  suit  varying- 
circumstances,  and 

(2)  Deferred  Annuities,  to  begin  at  age  65,   with  return 

of  premiums  and  interest  in  the  event  of  previous 
death   or  retirement. 

It  w^as  proposed  that  the  annuities  should  be  receivable 
by  monthly  payments  and  according  to  one  of  four  alternative 
methods  arranged  to  suit  varying  needs.  These  are  (i)  an 
ordinary  annuity  for  the  life  of  the  grantee ;  (ii)  the  same, 
with  continuation  to  his  executor  until  the  total  annuity 
payments  shall  equal  the  contributions,  or  rather  the  purchase 
price  as  accumulated  up  to  age  65  ;  (iii)  an  annuity  for  the 
life  of  the  grantee,  with  continuation  of  half  the  amount  to 
his  widow,  if  any  ;  and  (iv)  the  same,  Avith  special  provision 
as  in  method  (ii). 

It  was  to  be  a  provision  of  the  Charter  of  Incorporation 
that  the  business  sRould  be  conducted  without  profit  to  the 
stockholders,  and  that  the  Association  should  issue  only  non- 
participating  policies  ;  but  it  is  understood  that  this  would 
not  prevent  the  ultimate  division  of  surplus  profits,  if  any, 
among  insuring  members.  The  Carnegie  Foundation  proposes 
to  find  the  share  capital  and  an  initial  reserve  fund,  to  pay 
all  expenses  incurred  beyond  the  free  interest  income,  and  to 
guarantee  cei-tain  rates  of  interest  on  surrendered  annuity 
policies.  Among  some  concluding  practical  suggestions  made 
by  the  Joint  Commission  w^ere  (i)  that  contributions  should  be 
made  jointly  by  the  institution  and  the  teacher,  with  liberty 
to  vary  the  proportion,  (ii)  that  while  the  deferred  annuities 
should  be  compulsory,  the  insurances  should  be  optional,  and 
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(iii)  tliat  on  migration  to  an  institution  "witliin  the  scheme  or 
likely  to  be  so  the  benefit  of  the  policies  should  enure  to  the 
member. 

These  suggestions  follow  very  closely  the  pi-actice  of  the 
Federated  Universities  System  in  this  country,  though  in  one 
respect  they  fall  short  of  it.  Under  the  latter  system  the 
whole  benefit  of  jaast  contributions  enures  to  the  member 
upon  withdrawal  arising  from  any  cause,  whereas  the  Carnegie 
Scheme  apparently  contemplates  that  some  option  may  be 
reserved  to  the  employing  institutions  in  respect  of  its  own 
past  contributions  in  the  event  of  withdrawal  from  teaching 
altogether.  I  will  postpone  what  I  have  to  say  on  the  general 
jjrinciple  here  involved,  which  appears  to  me  to  lie  at  the  root 
of  all  pension  problems  and  to  have  received  hitherto  quite 
insufficient  attention. 

In  view  of  the  difficulty  of  dealing  with  disablement 
pensions  in  an  insurance  scheme,  as  has  been  found  in  the 
working  of  the  Federated  Universities  System  and  similar 
schemes  in  this  country,  the  following  conclusions  of  the  Joint 
Commission  on  this  matter  may  be  quoted. 

The  basis  of  these  pensions  or  the  definition  of  disability  may 
vary  all  the  way  from  "  total  and  permanent "  disability,  as 
understood  by  insurance  companies  that  have  a  disability  clause 
in  their  policies,  to  a  much  more  liberal  definition  under  which  a 
man  is  regarded  as  disabled  when  he  is  physically  or  mentally 
disqualified  to  continue  the  pi'ofession  of  teaching.  The  Com- 
mission thinks  that  in  devising  a  permanent  pension  system  the 
first  thing  to  be  aimed  at  is  sufficiency  of  funds ;  and  the 
definition  of  disability  should  be  made  with  due  regard  to  the 
funds  available  for  the  purpose  of  paying  disability  pensions.  It 
is  the  sense  of  the  Commission  that  as  liberal  definition  as  seems 
to  be  consistent  with  the  funds  available  for  this  purpose  is 
desirable. 

The  risk  of  disablement,  the  Joint  Commission  add,  will 
not  be  dealt  with  by  the  proposed  new  Insurance  Association, 
but  will  be  provided  for  by  the  Carnegie  Foundation.  I  have 
not  found  in  the  report  any  definite  statement  that  this 
proposal  has  been  accepted  by  the  Trustees,  but  it  seems  clear 
that  the  idea  is  adumbrated  with  their  consent  and  is  under 
consideration. 

Viewing  the  financial  position  of  the  Carnegie  Foundation 
as  it  exists  to-day,  apparently  a  complete  actuarial  valuation 
has  not  been  made,  but  it  is  estimated  that  its  outgoings  on 
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the  basis  of  present  commitments  for  the  next  45  years  "svill  be 
£13.800,000.  The  similar  estimate  of  its  prospective  income  is 
£6,800,000.  Thei-e  is  thus,  on  a  45  years^  budget,  a  prospective 
deficit  of  £7,000,000  as  the  result  of  granting  or  promising 
pensions  during  the  last  12  years.  It  is  thus  not  surprising  that 
the  Trustees  of  the  Foundation  should  have  acted  on  the 
conclusions  of  the  Joint  Commission  and,  as  mentioned  in 
the  extract  already  quoted,  decided  (i)  to  promote,  for  the 
use  of  all  members  of  the  profession  to  be  appointed  in 
the  future  and  of  all  institutions  not  yet  associated  Trith  the 
Foundation,  a  new  pension  scheme  based  on  contributions 
in  advance  by  employers  and  employed ;  and  (ii)  to  concentrate 
their  own  financial  efforts  mainly  on  the  problem  of  their  exist- 
ing commitments.  In  this  task  they  are  exceptionally  fortunate 
in  being  able  to  fall  back  upon  another  great  foundation, 
with  ample  funds,  the  Carnegie  Corporation  of  Xew  York. 
The  latter  has  agreed  to  furnish  the  Carnegie  Foundation 
for  Teaching  with  (i)  for  the  capital  and  initial  fund  of 
the  new  Insurance  Association,  £200,000 ;  (ii)  for  existing 
teachers  still  outside,  £200,000 ;  and  (iii)  for  creation  of 
Reserve  towards  its  owni  accruing  liabilities  a  present  sum 
of  £2,200,000,  and  an  annual  contribution  of  £120,000. 
These  munificent  contributions  may  not,  of  course,  supply 
the  whole  deficiency,  and  they  are  subject  to  the  condition 
that  the  Trustees  will  revise  their  rules  and,  by  contributions 
from  the  younger  men,  or  in  some  other  way,  ensure  a  future 
actuarial  balance.  In  calculating  its  position  over  the 
next  45  years,  the  Foundation  appears  to  have  reckoned 
as  an  asset  only  the  value  of  its  future  assured  income.  The 
corpus  of  its  funds,  now  nearly  £3,000,000,  is  apparently  to 
be  preserved  iiitact  if  possible,  so  that  it  will  still  occupy  a 
strong  financial  position.  There  thus  appears  to  be  a  fair 
prospect  that  it  will  be  able,  as  its  own  heavy  but  limited 
liabilities  are  gradually  reduced,  to  assume  some  responsibility 
for  providing  disablement  pensions  in  accordance  with  the 
principles  laid  down  by  the  Joint  Commission,  namely,  that 
■the  contingency  of  disablement  is  best  provided  for  apart 
from  superannuation,  and  that  the  definition  of  disablement 
may  properly  vary  to  some  extent  wath  the  funds  available. 

{To  he  continued.) 
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On  a  method  of  Approximate  Valuation.     By  Alfred  Henry, 

F.I.A. 

XN  times  like  tlie  present,  Avlien  tlie  saving  of  clerical  labour 
is  a  matter  of  some  importance,  it  may  be  of  interest  to 
consider  a  method  of  approximate  valuation  which  gives 
results  very  close  to  the  true  values  and  at  the  same  time 
shortens  the  mechanical  Avork  very  materially. 

Briefly,  the  method  aims  at  substituting  for  the  numerous 
multiplications  involved  in  the  process  of  valuation,  simple 
summations  of  the  data  which  can  be  readily  and  rapidly 
performed  on  an  adding  machine. 

If  the  valuation  factor  {i.e.,  single  premium,  annuity,  &c.) 
be  denoted  by  F(a')  and  u^;  be  the  amount  to  be  valued  at 
age  X,  then  2tfa;F(^)  gives  the  total  liabilities  or  assets  as  the 
case  may  be. 

If  now  y{x)  can  be  expressed  as  a +  hx  +  cx^,  then  the  above 
total  becomes  a1uj;  +  hXxUj;  +  c1o:-nx-  Clearly  in  this  form, 
the  valuation  can  be  expressed  in  terms  of  the  continuous 
summation  of  the  n^  column  from  the  bottom  upwards,  for  : 

r=n         r=n 
r=0  r -0 

and  i;;,=i;,(i±Mr±i) 


Therefore  l^rhir  =  2Pzt,.  -  SS^w,.  +  lu,. 

r=0  r=0  r=0  r=0 


and  'Erny=1,'hiy—'Eur 

r=0  r=0  r  =  0 

Accordingly  the  valuation  formula  can  be  expressed  as 
2cthi,  +  {h-3c)^hi,  +  {a-h  +  c)%ur 

It  follows  that,  given  the  values  of  the  constants  a,  h  and 
c  for  any  particular  table,  the  valuation  can  be  made  from 
successive  summations  of  the  n^  column. 

In  the  examples  that  follow,  the  values  of  the  constants 
have  been  found  for  old-established  offices  by  weighting  the 
equations  with  the  numbers  at  each  fifth  age  as  obtained  from 
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the  appropriate  model  office.  Actually  the  values  can,  of 
course,  be  found  from  any  three  ages,  as  three  equations 
only  are  necessary  to  find  three  unknowns.  It  was,  however, 
thought  better  to  use  weighted  equations  for  all  ages, 
afterwards  combining  these  equations  in  three  groups  in 
order  to  give  the  three  ecpiations  necessary  for  the  finding 
of  the  required   values. 

This  method  gives  the  best  results,  because  the  final 
result  is  accurate  either  if  the  distribution  is  the  same  as 
that  of  the  model  office  or  if  the  fit  is  perfect.  The  resulting 
deviations  are  the  product  of  the  misfit  and  the  deviation 
from  the  normal,  and  this  product  must  tend  to  be  small. 
Thus  if  u'  be  the  actual  numbers  and  u  be  the  normal 
numbers,  and  F,  F'  be  the  true  and  the  ajjproximate  values 
of  the  function,  so  that  v/  =  u  +  8ii  and  'F'  =  F  +  SF 


we  want 


and  we  g-et 


(u  +  Su){F  +  8F) 


The  error  is  {u  +  8u)SF  =  Bu  .  SF  since  21BF  is  made  zero  in  the 
fitting. 

In  order  to  test  the  accuracy  of  this  assumption,  a  curve  was 
fitted  to  the  H^  3  per-cent  annuity  table,  weighting  the  values 
by  the  numbers  living  according  to  Mr.  King's  model  office  of 
50  years  of  age.  The  values  so  obtained  were  employed  to  make 
a  valuation  of  the  model  office  of  10  years  of  age,  with  the 
following  result : 

True  Valuation  £656,445,  Approximate  Valuation  £655,356. 
The  error,  on  this  severe  test,  is  £1,089,  or  one-sixth  of  one 
per-cent. 

The  following  table  is  of  interest,  as  showing  the  closeness 
of  the  approximation  at  individual  ages  : 


Vahies  of  a^. 

Age 

True 

Approximate 

Age 

True 

Approximate 

X 

Value 

Value       j 

X 

Value 

Value 

22 

21-656 

22-370 

57 

11-353 

11-401     ! 

27 

20-582 

20-899 

62 

9-498 

9-707 

32 

19-373 

19-39,T 

67 

7-712 

7-981 

37 

18-037 

17-860 

72 

5-975 

6-223 

42 

16-566 

16-293     1 

77 

4-512 

4-433 

47 

14-923 

14-694 

82 

3-290 

2-612 

52 

13-188 

13-064 

i 

87 

2-393 

-758 
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Except  at  the  extreme  ages  (where  the  errors  are  in 
opposite  directions)  the  difference  between  the  two  values  is 
nowhere  more  than  '27.  As  has  ah-eady  been  pointed  out, 
these  errors  tend  to  balance  and,  in  fact,  the  method  has  been 
found  to  give  very  good  results,  even  in  cases  where  the  form 
of  the  valuation  function  did  not  lend  itself  readily  to  be  fitted 
by  a  parabolic  curve. 

For  endowment  assurances  valued  by  the  Z  method,  the 
mean  valuation  age  corresponding  to  each  unexpired  term 
has  been  taken  from  Dr.  Buchanan's  model  office.  Although 
the  adoj)tion  of  such  ages  introduces  a  further  source  of  error, 
it  is  interesting  to  note  that,  in  practice,  a  balance  of  error  is 
secured. 

In  the  following  examples  the  data  have  been  taken  at 
random  from  the  Board  of  Trade  returns,  with  the  figures  cut 
down  so  as  to  conceal  their  identity.  Comparison  is  made  in 
each  case  with  the  valuation  results  as  published.  The  data 
are  shown  in  the  appendix ;  these  are  summed  continuously 
twice  from  the  bottom  upwards,  and  a  complete  cast  of  the 
final  column  gives  the  value  of  the  third  summation.  In  each 
case  the  test  is  a  severe  one,  as  re-assurances  are  not 
deducted. 

Example  1. — Office  A.  Whole  life.  With  profits. 
Valuation  of  sums  assured  and  bonuses.     0-*^  3  per-cent. 

The  origin  is  taken  at  age  15  and  therefore  any  policies 
existing  at  younger  ages  must  be  treated  as  age  15  and  sum- 
mations made  up  to  and  including  that  age. 

a  =  -242378        6  =  -00880808       c=-0000127587 
S  =  18584         2^=678541  23  =  14280130 

2c23=  364-3 

(&-3c)2'= 5950-7 

(a-6  +  c)2  =  4340-9 

Value    of    sum    assured    and 

bonuses 10655-9       True  value  =  10646 


Example  2.— Office  A.  Whole  life.  With  profits. 
Valuation  of  tabular  premiums.     0^  3  per-cent. 

The  limited  payment  premiums  must,  of  course,  be  valued 
separately. 
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Premiums  payable  throughout  life. 

a  =  25-511892       t= -•302413      c= -•000138052 
S  =  462^8  S~l  7797-7        23  =  388074-4 

2c23=  -     340-0 

(6-3c}2~-  5358^9 

[a-h  +  cj^=     11946-7 


Value  of  premiums     ...  ...     6247-8 

Limited  payment  piremiums. 

The  origin  was  taken  at  unexpired  term  0  ;  the  value  of  a 
is  therefore  zero.  As  the  summations  are  taken,  not  to  the 
origin,  but  to  the  next  higher  term,  the  foimiula  is  slightly 
different.* 

a  =  0  Zy  =  -8918r74         c= --01007234 

2  =  66-6       22  =  725-6  2^  =  5551-0 

2c23=-  111-8 

(6-c)2-=     654-4. 

a2  =         0-0 


Value  of  limited  payment  premiums   542-6 
Value  of  "  whole  life  "  premiums      6247-8 

(as  above)  

Total  value  of  premiums 6790-4    True  value  =  6802 

Example  3. — Office  B.  Endowment  assurances  with 
profits.    Valuation  of  sums  assured  and  bonuses.    0^  3  per-cent. 

The  policies  being  grouped  according  to  year  of  maturity, 
the  origin  is  taken  as  the  valuation  year.  The  first  group  of 
policies  is,  therefore,  at  unit  distance  from  the  origin,  and  the 
formula  to  be  used  is  the  same  as  that  used  in  valuinsr  the 
limited  payment  premiums. 

a=:-99227  ?>=--02433]3         c  =  -00023761]8 

2  =  23141  2-^=446969  23=. 5327002 

2c23=       2531-5 

(6-c)22= -10981-5 

a2=     22962-1 

A^alue   of  sum   assured   and 

bonuses 14512-1  True  value  =  14499 


*  Altei'nativcly  if  0  be  inserted  as  the  viilue  at  the  orig-iu  ami  tlie  sminiiations 
be  taken  up  to  and  including  the  zero  value,  the  original  formula  can  be  used 
■without  modification. 
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Example    4. — Office    B.       Endowment     assurances     with 
profits.     Valuation  of  tabular  premiums.     0"  3  per-cent. 

a= --2295125         h  =  '83olOQb  c= --00815720 

:E  =  926-7  2-  =  16451-4  23=1845793 

2cS3=-  3011-3 

{h-c)S^-=     13872-9 

a2=-     212-7 


Value  of  tabular  premiums     ]0648'9         True  value  =  10677 

Example  5, — Office  C.  Valuation  of  annuities  on  female 
lives.     0^"^'^  3  per-cent. 

The  distribution  of  annuity  business  is  such  that  little 
weight  is  given  to  ages  under  40 ;  the  fit  of  the  approximate 
curve  IS  therefore  not  so  good  for  these  ages,  and  it  is  best  to 
treat  all  annuitants  under  age  40  as  being  of  that  age. 

The  orisrin  is  taken  at  aare  40  and  summations  are  there- 
fore  taken  up  to  and  including  that  age. 

a=  19-544538       Zy=--3703151       c  = -00065768 
2  =  13108  22=870693  2^  =  6303147 

2c23=         8290-9 

(6-3c)  22= -138004-6 

(a-&  +  c)2=     261052-5 


Value  of  annuities 131338-8    True  value  =130946 


N.B. — The  difference  is   almost  entirely  due  to  the   one 
large  contract  at  age  78. 

Example  6. — Friendly  Society  D.     Value  of  benefits. 

a  =  32-14096       ?v  =  -259632       c=--01020274 
2=1000  22=20100       2^  =  297367 

2^2^=-  6068 

(&-3c)22=       5834 

(a-6-fc)2=     31871 


Value  of  benefits  ...  ...     31637       True  value  =  31636 
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Example  7. — Friendly  Society  E.     Value  of  benefits. 

a  =  32-14096       ?>  = -259632       c= -•01020274 
^  =  100  12^2-704        ^3^44597 

2cP=-  910 

(6-3c)22=       785 

(a-6  +  c)S=     3187 


Yalue  of  benefits  3062         True  value  =  3062 


The  above  examples  could  be  multiplied  indefinitely,  but 
tbey  are  sufficient  to  show  that  the  method  yields  results 
which  are  sufficiently  accurate  for  practical  purposes.  In 
particular,  for  the  valuation  of  such  items  as  sums  assured, 
bonuses,  gross  premiums  or  annuities  payable,  where  the 
data  do  not  vary  with  the  basis  of  valuation,  the  results  are 
much  superior  to  those  yielded  by  the  use  of  a  model  office. 
If  the  constants  are  available  for  several  mortality  tables  at 
different  rates  of  interest,  then  a  single  set  of  summations 
of  the  data  will  enable  valuations  on  several  different  bases 
to  be  made  in  a  few  minutes.  For  a  net  premium  valuation, 
some  approximation  to  the  net  premiums  on  the  new  basis 
would  be  necessary. 

It  should  be  added  that  the  method  is  not  entirely 
empirical,  as  it  would  be  easy  to  calculate  from  the 
approximate  annuity  values,  rates  of  mortality  which  would 
satisfy  exactly  the  assumptions  as  to  the  shape  of  the 
annuity  curve. 
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Office  A. 


Age 

Sums  Assured 

Tabular 

Age 

Sums  Assured 

Tabular 

and  Bonuses 

Premiums 

and  Bonuses 

Premiums 

15 

1 

56 

608 

16-4 

16 

5 

•1 

57 

493 

13-5 

17 

9 

•1 

58 

399 

9-6 

18 

4 

•1 

59 

397 

11-0 

19 

3 

•1 

60 

320 

9-5 

20 

7 

•1 

61 

437 

130 

21 

4 

•1 

62 

345 

10-9 

22 

23 

•3 

63 

359 

12-7 

23 

63 

1-1 

64 

222 

5-9 

24 

65 

11 

65 

281 

81 

25 

85 

1-4 

66 

339 

11-6 

26 

34 

•6 

67 

228 

7-2 

27 

56 

11 

68 

732 

29-1 

28 

196 

3-6 

69 

175 

5-7 

29 

253 

4-8 

70 

155 

4-1 

30 

250 

4-7 

71 

183 

8-8 

31 

194 

3-6 

72 

201 

4-5 

32 

295 

5-9 

73 

111 

1-9 

33 

177 

3-5 

74 

83 

21 

34 

389 

8-4 

75 

68 

21 

35 

390 

7-5 

76 

55 

1-6 

36 

306 

6-4 

77 

79 

1-3 

37 

356 

7-2 

78 

52 

1-7 

38 

518 

121 

79 

40 

•7 

39 

452 

9-2 

80 

44 

•5 

40 

445 

111 

81 

31 

•5 

41 

584 

11-5 

82 

30 

•5 

42 

378 

8-2 

83 

46 

11 

43 

382 

77 

84 

8 

•3 

44 

539 

12-3 

85 

20 

•1 

45 

495 

9-4 

86 

6 

•1 

46 

465 

10-5 

87 

18 

•3 

47 

427 

8-6 

88 

6 

48 

535 

13-2 

89 

7 

•2 

49 

476 

10-1 

90 

2 

•1 

50 

510 

14-8 

:        91 

10 

•1 

51 

436 

11-2 

92 

4 

•1 

52 

751 

17-2 

93 

1 

53 

478 

11-7 

94 

54 

478 

13-7 

95 

55 

466 

11-3 

96 

9 

•3 

Premiums  payable  for  limited  periods. 


Unexpired 

1 
Tabular 

Unexpired 

Tabular 

Unexpired 

Tabular 

Term 

Premiums     | 

Term 

Premiums 

Term 

Premiums 

1 

2-4 

12 

2-4 

23 

"5 

2 

1-8 

13 

3-6 

24 

•6 

3 

20 

14 

1-5 

25 

•6 

4 

2-2 

15 

4-5 

26 

•2 

o 

5-6 

16 

1-2 

27 

•1 

6 

4-4 

17 

5-4 

28 

•4 

7 

4-2 

18 

1-9 

29 

•3 

8 

6-9 

19 

3-2 

30 

9 

2-4 

20 

"5 

31 

•2 

10 

1-8 

21 

•3 

... 

11 

51 

22 

•4 

1918.] 
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125 


^ 
" 

Sums  Assured  . 

Tabular 

n* 

Sums  Assured 

Tabular 

and  Bonuses    ; 

Preiniuuis 

24 

and  Bonuses 

Premiums 

1 

1 

131 

7-0 

879 

30-2 

2 

138 

7-8 

25 

997 

341 

3 

266 

13-8 

26 

743 

23-8 

1       4 

296 

lG-1 

27 

705 

22-1 

5 

260 

15'5 

28 

661 

20-9 

6 

434 

23-5 

29 

689 

21-1 

7 

351 

17-4 

30 

470 

14-0 

8 

463 

22-6 

31 

399 

11-6 

9 

535 

24-6 

32 

356 

9-9 

'■     10 

627 

30-8 

33 

293 

8-1 

i     11 

727 

32-9 

34 

227 

61 

'     12 

892 

40-4 

35 

265 

70 

,     13 

742 

33-5 

36 

138 

3-5 

i     14 

806 

37-2 

37 

115 

2-9 

1     15 

941 

43-4 

38 

102 

2-5 

;    16 

1,044 

47-9 

39 

70 

1-7 

17 

1,027 

44-4 

40 

75 

1-8 

18 

1,052 

44-9 

41 

19 

•4 

19 

1,189     ; 

49-9 

42 

29 

•7 

20 

1,209 

48-9 

43 

18 

•4 

21 

1,019 

39-3 

44 

4 

•1 

!     22 

897 

32-7 

45 

23 

833 

29-1 

46 

8 

•2 

*  M  =  Year  of  inatiuity  — Yenr  of  valuation.     Valuation  date  is  31  December. 

Office  C. 


... 

Amount  of 

Age 

1 
Amount  of 

Age 

Amount  of 

Annuity      \ 

Annuity 

Annuity 

21 

17 

44 

540 

67 

410 

22 

45 

27 

68 

275 

23 

46 

71 

69 

127 

24 

10          ' 

47 

50 

70 

203 

25 

48 

116 

71 

126 

26 

49 

235 

72 

615 

27 

50 

226 

73 

402 

28 

51 

150 

74 

526 

29 

52 

36 

75 

78 

30 

53 

61 

1         76 

251 

31 

54 

281 

i         77 

237 

32 

55 

249 

78 

2,817 

33 

55 

401 

79 

29 

34 

li 

57 

290 

80 

313 

35 

64 

58 

357 

81 

151 

36 

1 

59 

247 

i         82 

37 

25 

60 

46 

1         83 

145 

38 

61 

637 

84 

312 

39 

62 

145 

;         85 

89 

40 

73 

63 

410 

i         86 

115 

41 

... 

64 

413 

i         87 

42 

65 

439 

1         88 

24 

43 

66 

186 

89 

50 

VOL.    LI. 


126  Decreasing  Debts  on  Endoivment  Assurances.  [Oct. 

Societies  D  and  E. 


Number  of 

Members 

Number  oi 

Members 

Age  last 
Birthday 

Age  last 
Birthday 

Society  D 

Society  B 

Society  D 

Society  E 

16 

35 

43 

30 

3 

17 

28 

2 

44 

23 

6 

18 

33 

1 

45 

20 

4 

19 

37 

1 

46 

12 

20 

20 

47 

14 

8 

21 

14 

3 

48 

19 

3 

22 

22 

49 

13 

1 

23 

38 

50 

19 

4 

24 

33 

i 

51 

13 

2 

25 

36 

2 

52 

7 

26 

28 

53 

10 

5 

27 

23 

2 

54 

12 

3 

28 

30 

55 

12 

29 

19 

56 

8 

30 

28 

"i 

57 

10 

1 

31 

32 

3 

58 

7 

3 

32 

17 

59 

14 

2 

33 

15 

i 

60 

10 

34 

24 

4 

61 

7 

35 

27 

2 

62 

3 

2 

36 

22 

6 

63 

1 

37 

31 

4 

64 

8 

38 

24 

3 

65 

5 

i 

39 

20 

3 

66 

6 

40 

28 

1 

67 

1 

41 

26 

5 

68 

3 

42 

21 

1 

69 

4 

1 

Decreasing  Debts  on  Endowment  Assurances.  By  Charles  H. 
Ashley,  A. I. A.,  Actuary  of  the  London  and  Manchester 
Assurance  Comjjany. 

JLN  his  useful  note  on  this  subject  {J.I. A.,  vol.  xlix,  p.  266), 
Mr.  Todhunter  starts  off  with  the  assumption  that  "  in  any 
*'  case,  the  extra  premium  that  would  be  charged  has  been 
*'  determined  according  to  the  usual  office  practice/'  and  so 
proceeds  to  find  the  debt.  But  I  suggest,  Avitli  Mr.  Coutts 
{p.  278),  that  it  is  no  more  unscientific,  having  regard  to  the 
paucity  of  data  on  which  to  calculate  extra  risks,  to  assess  a 
sub-standard  life  ''by  a  debt  in  the  first  instance  and  measure 
the  extra  risk  in  this  form.'' 

The  decreasing  debt  system   has  limitations  in  practice 
which    I    consider  should  be  defined   at  the  outset.     Tables 
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could  tlien  be  constructed  with  due  regard  thereto,  showing 
what  mortality  curves  can  be  provided  for  and  what  extra 
premiums  will  correspond. 

Accordingly,  in  the  hope  of  developing  the  study  of  the 
subject  of  extra  rating  (a  subject  which  seems  to  have 
grown  in  importance  during  the  war,  I  submit  the 
appended  tables  based  on  the  following  practical  limitations, 
namely  : 

(1)  That  it  is  not  advisable  in  practice  to  offer  acceptance 

of  a  sub-standard  risk  subject  to  a  debt  which, 
during  the  first  few  years,  is  so  large  as  to  deprive 
the  assured  of  the  fundamental  feature  of  life  assur- 
ance, namely,  protection  against  premature  death. 
If  the  defect  is  such  that  the  initial  debt  Avould 
have  to  be  so  large  as  say  £75  per-cent,  it  is  better 
simply  to  quote  the  extra  premium. 

(2)  That  at  no  time  during  the  currency  of  the  policy  shall 

the  nominal  sum  assured,  less  the  current  debt,  be 
less  than  the  total  amount  of  the  premiums  already 
paid. 

(3)  That   the  annual   reduction  of   the   debt  be  deferred 

until  after  the  first  5,  7  or  10  years:  this  with  the 
object  of  keeping  down  the  magnitude  of  the  initial 
debt. 

(4)  That  the  annual  reduction  after  the  period  of  defer- 

ment shall  be   at   least  the  amount  of  the  renewal 
premium  paid.     This  follows,  I  believe,  an  xA.merican 
system. 
The  headings  in  the  tables  indicate  the  endowment  periods 
and  debts,  and  the  columns  show  : 

(1)  The  Extra  Pure  Premiums,  calculated  at  3 ^  per-cent 
intei'est,  on  the  assumption  that  the  extra  mortality 
is  so  distributed  as  to  produce  policy-values  equalling 
normal  0*^  3  per-cent  policy-values  at  the  end  of 
each  year,  bonus  excluded.  (If  the  extra  premium, 
which  is  payable  for  the  whole  endowment  period,  is 
paid  in  lieu  of  the  debt,  10  per-cent  might  be  added 
for  expenses).     Formula  adopted 

((rt,.]+,(_i(l  — „Y^.;  )=2'[.,]+,^_i(l  — uth  debt  — „V,,^) 

the  select  values  of  q  and  q  being  assumed  to  be  in 
the  same  ratio  as  the  0"^^  values. 

L  2 
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(2)  The  number  of  Years  Rating-up  wliicli  will  produce, 

on  the  basis  of  C^-*'^  Mortality,  3i  per-cent  interest,, 
premiums  for  the  increasing  assurance  approximately 
equal  to  premiums  for  a  level  £100  at  true  ages. 

(3)  n,  where  100(P[,,+„j>  -P[,]^)  by  0^'^^  3^  per-cent,  equals. 

the  tabulated  extra  pure  premiums. 

(4)  The  Constant  Additions    to  C^^'^  Rates  of  Mortality 

which  will  produce  premiums  for  the  increasing 
assurance  approximately  equal  to  the  normal  0^^^ 
premiums  for  £100.     Interest  2>\  per-cent. 

In  the  tables  various  types  of  exti'a  mortality  which  are 
covered  by  the  specified  debts  are  indicated.  Four  diagrams 
are  appended  to  illustrate  the  mortality  curves  involved  in 
respect  of  age  at  entry  35. 

The  thick  curve  is  the  standard  for  comparison,  0^*^^. 

The  circles  curve  represents  rates  of  mortality  which 
produce,  under  the  debt  system,  claims  each  year  approxi- 
mately equal  to  the  O'^^^  claims  under  normal  policies. 

The  thin  curve  represents  Hardy's  method  of  assuming 
sub-standard  mortality  such  as  to  give  normal  reserves,  and 
is  seen  to  be  applicable  to  sub-standard  lives  which  may  be 
expected  to  show  increasing  extra  mortality  during  the  first 
few  years,  thereafter  dropping  to  the  normal.  Though  I 
cannot  think  that  any  class  of  sub-standard  risks  would  show 
such  a  pronounced  maximum  mortality  as  this  "thin"  curve, 
I  gather  from  enquiries  amongst  medical  officers  that  curves 
with  that  tendency  (more  probably  the  "  circles "  curve) 
are  quite  likely,  and  a  recent  history  of  typhoid  fever  or  of 
abscess  in  the  abdomen  are  suggested  as  examples.  Mr.  Burn 
presumes  such  a  type  on  p.  207  of  the  5th  Congress  Transac- 
tions, and  the  Associated  Scottish  Life  Offices'  Investigation 
found  that  among  publicans  the  extra  risk  increases  Avith 
duration  of  assurance  to  a  maximum  and  then  diminishes.  It 
must  not  be  forgotten  that  among  standard  lives  there  are 
many  who  develop  progressive  diseases,  and  the  reduction  of 
sub-standard  lives  through  earlier  death  must  surely  leave  the 
residue  nearer  to  the  standard. 

The  dotted  curve  represents  the  too-popular  method  of 
assessing  a  life  by  stating  that  it  is  equivalent  to  one  a  certain 
number  of  years  older.  The  Avay  such  a  curve  soars  after  a 
few  years  suggests  to  me  its  rarity  in  practical  experience. 
Nevertheless,  impaired  lives  are  accepted  which  undoubtedh' 
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^o 

annum. 

[nitia 

— 

— 

Constant 

Constant 

Extra   Ixtra 

addition 

Extra 

addition 

Age 

pure     iure 

Tears 

to 

pure 

Years 

to 

Age 

at 

Entry 

Entry 

prem.    rem. 
on  de-   1  de- 

rat- 
ing 

n 

gO[M] 
covered 

prem. 
on  de- 

rat- 

n 

covered 

scribed  ribed 

up 

by  the 

scribed 

up 

by  the 

basis    asis 

debt 

basis 

debt 

(1)      (1) 

(2) 

(3) 

(4) 

(1) 

(2) 

(3) 

(4) 

*.    d. 

20 

8  11   ... 

20 

25 

9     7  ... 

25 

30 

10    9 

30 

35 

12     4 

35 

40 

14  11   ... 

40 

45 

19     2   ... 

45 

50 

25  10  1... 

50 

55 

36     5  ... 

55 

'  annum. 

iNITIAl 

— 

— 

S.      d. 

20 

8     9 

... 

20 

25 

9     7 

25 

30 

10  10 

30 

35 

12     8 

35 

40 

15     8 

40 

45 

20     6 

45 

50 

28     3 

50 

er  annum. 

InitiaiInitial  Debt  £22  10s. 

— 

s.    d. 

d. 

20 

11     2 

1 

... 

20 

25 

12     4 

4 

7 

7 

■002 

... 

25 

30 

14     0 

7 

30 

35 

1«  10 

2 

4 

5 

•002 

35 

40 

21     6 

0 

40 

45 

28     9 

3 

3 

4 

•004 

45 

i 

\er  annum. 

1 

Init 
*.    d. 

Initial  Debt  £28 

Initial  Debt  £24  10*. 

rt. 

s.    d. 

20 

9     8 

10 

2     4 

20 

25 

10     9 

2 

7 

8 

•002 

2     6 

7 

7 

•002 

25 

30 

12     5 

7 

2  10 

30 

35 

15     2 

5 

4 

5 

•003 

3     6 

4 

4 

•002 

35 

40 

19     8 

7 

4     5 

40 
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^sho\v  an  increasing  extra  mortality,  tliougli  less  steeply  than 
that  represented  by  a  substantial  addition  to  the  age. 

The  broken  curve  is  perpendicularly  equidistant  from  the 

standard  and  represents  a  constant  addition  to  the  normal 

rate    of   mortality    such    as   will   justify  the    specified   debt. 

Probably  a  large  number  of  lives  will  be  put  into  this  class 

:as  a  result  of  injuries  received  in  the  war. 

The  debt  system  can,  of  course,  be  used  for  any  particular 
incidence  of  extra  risk  because  the  consideration  is  received 
at  the  outset.  In  other  words,  the  assured  ''pays"  in  the 
early  years  for  the  extra  risk,  although  that  extra  risk  may 
not  mainly  arise  till  the  later  years.  On  the  other  hand,  the 
system  is  limited  in  its  usefulness  to  the  lighter  extra  risks. 
No  additional  labour  need  be  incurred  at  the  periodical 
valuations,  since  all  types  of  extra  mortality  will  be  operating 
and  we  shall  get  a  good  average  result  by  valuing  all  the 
endowment  assurances  as  normal  for  the  full  sums  assured. 

Industrial  offices  get  large  numbers  of  endowment  assur- 
ance proposals  on  the  lives  of  unmarried  young  men  to 
whom  the  investment  element  appeals  more  strongly  than 
the  immediate  death  benefit.  To  those  who  are  found  to 
be  sub-standard  lives,  a  decreasing  debt  ought  to  be  more 
acceptable  than  the  payment  of  an  extra  premium.  Indeed, 
in  such  cases,  it  seems  to  me  that  we  can  avoid  any  "  moral 
hazard"  by  not  quoting  an  extra  premium.  In  other  cases 
the  assured  should  always  be  given  the  option  of  paying  the 
•corresponding  extra  premium. 


Mathematical  Symbols. 


Students  of  Lewis  Carroirs  "Pillow  Problems"  may  recall 
the  use  in  that  sleep-dispelling  work — and  the  interesting- 
explanation  in  the  preface  to  the  Fourth  Edition — of  two 
geometrical  symbols  for  the  sine  and  cosine.  These  particular 
symbols  have  never,  so  far  as  we  know,  been  used  by  other 
mathematicians.  But  they  are  illustrative  of  an  evolutionary 
process  that  has  been  going  on  f lom  the  earliest  times — or  at 
any  rate  since  the  introduction  or  systematization  of  algebraical 
symbolism  by  Diophantus.  With  the  continual  development 
of  mathematical  analysis,  the  necessity  arises  for  new  symbols, 
not  only  to  save  the  frequent  repetition  of  verbal  expressions, 
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but  also  to  convey  the  idea  of  an  operation  or  relation  to  the 
mind  more  rapidly  than  is  possible  b}'  the  use  of  words.  Of 
the  symbols  tentatively  introduced  to  meet  this  need  many — 
such  as  the  above-mentioned  symbols  for  the  sine  and  cosine 
— do  not  survive  their  birth  ;  others — as  in  the  case  of  the- 
symbol  for  equality,  first  introduced  by  Recorde"^  in  1557,  but 
not  generally  adopted  until  more  than  a  century  later — 
became  established  only  after  a  long  struggle  for  existence  ; 
others  again  attain  a  limited  acceptance  in  some  special 
branch  of  research ;  a  few  are  almost  immediately  accepted 
as  supplying  a  long-felt  want.t  This  process  of  evolution 
in  mathematical  symbolism  has  been  very  active  during  the 
last  20  or  30  years,  and  symbols  Avhich  are  unfamiliar  to 
students  brought  up  on  the  older  books  are  now  commonly 
employed,  without  explanation  or  definition,  in  modern  text- 
books and  tracts  even  of  an  elementary  nature.  A  symbol 
of  which  the  meaning  is  not  accuratel}'  understood  is  as 
serious  an  obstacle  to  study  as  if  the  work  in  which  it  is 
used  were  Aviitten  in  an  unknown  language,  and  it  is  hoped, 
therefore,  that  the  appended  list  of  a  few  modern  symbols 
may  assist  actuarial  students  to  pursue  their  reading  both  of 
current  actuarial  work  and  of  analytical  research  bearings 
thereon. 

The  principle  govei'ning  the  use  of  mathematical  symbols 
is  clear.  A  "recognized''^  symbol  may  be  employed  without 
explanation;  any  other — whether  one  that  although  frequently 
used  cannot  be  held  to  have  been  generally  accepted  by 
mathematicians,  or  a  special  symbol   employed  for  a  special 

*  "to  avoide  the  tediouse  repetition  of  these  woordes  :  is  equalle  to  :  I  will 
"  sette  as  I  doe  often  in  woorke  use,  a  paire  of  paralleles,  or  Geniowe  "  \_i.e.,  twin] 
"  lines  of  one  leng^the,  thus  :  r=  -.  bicause  uoe  2  thynges  can  be  nioare  equalle." 
— The  Whetstone  of  Witte,  1557. 

t  For  some  information  as  to  the  origin  of  the  more  common  symbols  in 
algebra  reference  may  be  made  to  W.  W.  Kouse  Ball's  Short  Accotmt  of  the 
Histori)  of  Mathematics,  and  to  the  article  on  Algebra  in  the  Encyclopaedia 
Britannica. 

We  are  indebted  to  Mr.  G.  J.  Lidstone  for  the  following  interesting  extiact 
from  Arbogast's  Dxi  Calcul  des  Derivations  : 

"  II  a  fallu  introduire  des  signes  nouveaux  ;  j'ai  doune  una  attention 
particuliere  a  cet  objet,  persuade  que  le  secret  de  la  puissance  de  1' Analyse  consiste 
de  la  choix  et  I'eniploi  heurenx  des  signes  simples  et  caracteristiqucs  de  la  chose 
qu'ils  doivent  representer.  .Je  me  suis  ])rescrit  a  cet  cgard  les  regies  suivantes  : 
(1)  de  rendre  les  notations  le  plus  qu'il  etait  possible  analogues  a  des  notations 
rCQues ;  (2)  de  ne  point  introduire  des  notations  inutiles  et  que  j'aurais  pu 
remplacer  sans  confusion  par  des  notations  deja  en  usage ;  (3)  de  les  choisir  tres- 
simples,  en  y  faisant  entrer  ccpendant  toutes  les  varietes  qu'exigeiit  les- 
differences  des  operations." 
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purpose — should  be  defined.  The  difficulty  consists,  in  the 
absence  of  any  final  authority,  in  determining  what  constitutes 
"recognition",  and  it  is  increased  by  the  fact  that  in  certain 
instances  two  symbols  seem  to  have  attained  recognition, 
or  at  any  rate  are  employed  by  different  writers  without 
explanation,  for  the  same  purpose.  Our  list  deals  only  with 
symbols  (of  comparatively  recent  introduction)  which  are 
certainly  recognized  or  may  be  considered  to  be  on  the  border 
line.  It  is  not  suggested  that  the  list  is  complete,  and  some 
of  the  symbols  have  been  in  use  among  mathematicians  for 
many  years  but  have  been  included  because  they  may  be 
unfamiliar  to  many  actuarial   students. 

A  consideration  of  some  practical  importance  is  that  it 
is  desirable,  when  possible,  to  avoid  the  use  of  symbols  that 
entail  the  necessity  for  the  process  known  to  printers  as 
^'justification ",  and  thus  to  reduce  the  expense  both  of 
composition  and  of  corrections.  Several  of  the  symbols  in 
our  list — (1)  and  (4)  for  example — are  instances  of  alternative 
symbols  that  have  been  devised  with  this  object,  and  such 
expressions  as  "  arctan'^,  "  sinh",  "cosh",  &c.,  belong  to  the 
same  category.  It  may  be  remembered  that  a  good  many 
years  ago  the  British  Association  appointed  a  committee  of 
eminent  mathematicians  to  report  "on  Mathematical  Notation 
"  and  Printing,  with  the  view  of  leading  mathematicians  to 
"  prefer,  in  optional  cases,  such  forms  as  are  more  easily  put 
"  into  type,  and  of  promoting  uniformity  of  notation."  The 
resulting  report  (see  J.I. A.,  vol.  xx,  p.  355)  would  not  appear 
to  have  had  so  much  effect  as  might  be  desired  on  the  practice 
of  mathematical  authors,  and  this  may  perhaps  have  been  due 
to  the  fact  that  the  committee,  although  expressing  a  pious 
opinion  that  uniformity  of  notation  woidd  "  tend  towards  a 
common  language  in  mathematics",  confined  their  attention 
almost  entirely  to  the  first  part  of  their  reference  and 
recommended  some  forms  of  notation  in  preference  to  others 
"  from  the  printing,  and  not  from  the  scientific  point  of 
view."  It  may  be  suggested  that  the  scientific  point  of  view 
should  take  priority,  that  recommendations  made  from  that 
point  of  view  by  a  strong  committee  of  leading  mathematicians 
might  do  much  to  promote  uniformity,  and  that  while  some 
forms  of  notation  must  always  necessitate  justification, 
printers  would  probably  be  able  to  a  very  considerable 
extent  to  meet  the  requirements  of  mathematicians,  if  those 
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requirements  were  based  on  uniformity  of  practice,  by 
stocking  certain  symbols  that  have  at  present  to  be  specially 
composed. 


SOME    MODERN     MATHEMATICAL    SYMBOLS    AND     THEIR 

MEANINGS. 

/    Used    instead    of    the    horizontal    line    to 

represent     a    fraction.       Thus    ajh=Y. 

This  is  not  generally  used  Avhen  the 
fraction  itself  is  the  subject  of  trans- 
formation.    Thus  we  should  Avrite 

but  less  commonly 

{x  —  a)f  {x^  —  a^)  =  1/  (a'2  +  ax  +  a-) . 

!    Used  instead  of   L  to  represent  a  factorial. 


Thus 


I  — 


=  n  =  n(n  —  l)  {n  —  2)  ...  1,  where 


n  is  supposed  positive  and  integral. 

Denotes  an  identity  which  is  true  for  all 
values  of  the  variables  as  distinguished 
from  an  equation  which  is  true  only  wlien 
some  of  the  variables  have  particular 
values  ;  thus  {a  +  h)~  =  a^+  2ah  +  h^, 
i.e.,  "  is  transformable  into  "  a-  +  2ah-'rlr 
"  by  applying  the  laws  of  algebra,  without 
"  any  assumption  regarding  the  operands 
"involved'^  (Chrystal  Algebra,  Part  I, 
5th  Edition,  p.  22).  Sometimes  used  in  a 
more  restricted  sense  to  indicate  merely 
that  one  (usually  shorter)  expression 
represents  another ;  thus 


iVy  =  ao  +  Oi2  +  02!/'  + 


+  "«?"; 


*/»        —^  cC     /\    t.L     /\    iha 


Formerly  placed  between  two  quantities  to 
indicate  that  the  smaller  (algebraically) 
is  to  be  subtracted  from  the  larger ;  thus 
a'^h  denotes  a—h  or  h  —  a  according  as 
a  or  h  is  the  larger.     But  now  practically 
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superseded  in  this  sense  by  the 
symbol  I  I  {see  heloiv),  and  used  in  tlie 
theory  of  infinite  series  to  denote  a 
certain  kind  of  approximate  equality 
called  "  asymptotic." 

D Used     to     denote      differentiation.       Thus 

'Df{x)  =  df{x)ldx  ov  f'{x).  Note  that  in 
Boole's  Finite  Differences  (1st  Edition) 
and  in  Text-Booh,  Part  II,  this  symbol  is 
used  to  denote  the  operator  (1+A) 
or  e''/'''^,  uow  more  generally  represented 
by  E. 

Used  instead  of  X\,, ,  (vi,  r)  or 


(:•) 


Thus,  for  example, 


(1  +  x)"'  =  1  +  nhv  +  (^.2  ).r-  +  Q^ya^  + 


exp.  (  )  ...  Used  to  represent  e  raised  to  the  power 
whose  index  is  the  quantity  in  the 
brackets.     Thus 

exp.    {a  +  hx  +  CX''+ ^  —  ^a+hx+cx^+  . . . . 

I     I        The  modulus  of ;  thus  \z\  is  the  modulus  of  z. 

If  z  is  a  complex  quantity  equal  to  x  +  yi 
[where  i  is  the  imaginary  quantity  \/—  1] , 
the  modulus  of  z  is  the  positive  value 
of  s/x"^  -f  ^J^.  Thus  I  X  -{-yi\z=  -\-  \/x^  -I-  ?/"-. 
Hence  when  i/  =  0  and  z  is  wholly  real  we 
have  \x\=  +\/x-,  i'.t'.,the  modulus  of  a  real 
quantity  is  its  absolute  value  irrespective 
of  sign,  or  its  numerical  value  taken 
positively ;  the  symbol  is  consequently 
used  to  denote  the  absolute  value,  with- 
out reference  to  sign,  of  a  magnitude 
which  may  be  either  positive  or  negative. 
For  many  purposes  the  modulus  of  a 
complex  quantity  takes  the  place  of  the 
numerical  value  of  a  real  quantity, 
especially  in  questions  relating  to  con- 
vergency.  Note. — Care  must  be  taken  not 
to  confuse  the  symbol  for  the  modulus 
with  a  similar  symbol  sometimes  used  as 
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an  abbreviated  notation  for  a  determinant. 
For  example,  the  determinant  of  the  third 
order  whose  successive  rows  are  ai,hi,  ci ; 
tto,  &2j  <'-2',  O35  ^3,  f"3j  where  the  constituents 
of  the  principal  diagonal  are  cii,  62^  Cs,  is 
represented  in  this  notation  by  |  aJjiCs  \ , 
which  in  another  connection  would  mean 
the  modulus  of  the  product  aib2C3. 

=\—       Is  not  equal  to;  has  any  other  value  than. 

(In  continental  works  the  symbol  ^  is 
often  used  with  this  meaning.)     Example. 

Jx"'dx  =  x»'+y(m+\)  if  m  ==\=  —1. 

If  m=—],  the  function  a;'«+7(m+l) 
becomes  infinite,  but  the  indefinite 
integral  =  logger. 

:^,  or  ^  or  <  Is  not  greater  than ;  is  either  equal  to  or 
less  than. 

"4^,  or  :^  or  >  Is  not  less  than ;  is  either  equal  to  or 
greater  than. 
Note. — Where  an  actual  inequality  is  in 
question  the  form  :!^  or  <j;  is  usually  the 
more  convenient,*  but  the  later  forms  are 
much  used  to  denote  the  limits  of  a  variable. 
Thus  to  express  that  x  may  take  any  value 
over  the  range  —  1  to  +1  except  + 1 
itself,  we  should  write  —l^x<  +1.  For 
example,  if  this  be  the  case  the  series 
X — x^l2  +  x^/o  .  ...  ad  inf.  converges  to 
the  sum  loge(l+.^■). 

'=^^=  or  ==  ...  Is  approximately  equal  to.  Thus  h==i-\-d. 
Such  a  symbol  is  much  required  in 
actuarial  work.  Both  forms  are  used  with- 
out special  definition  in  the  Phil.  Mag. 
The  latter  form,  proposed  by  Lord  Kelvin, 
is  more  easily  distinguished  from  the 
symbol  =,  and  is  more  easily  written. 

*  Rouse  Ball,  however,  remarks  {loc.  cit.  p.  242)  that  the  symbols  =^,  ;t> ,  <^, 
"  ai'e,  I  believe,  now  rarely  used  outside  Great  Britain  ;  they  were  employed,  if 
"  not  invented,  by  Euler.  The  symbols  ~  and  ^  were  introduced  by  P.  Bouguer 
"  in  1734." 
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— >       Tends  to  the  value  ;  lias  the  limiting  value. 

Examples. 

As  x—>  00  ,  fl  +  -j  — >e'',  and  e~-^'  — >0. 

0  (     ) Is  of  the  order  of ;  ultimately  preserves  a 

finite  ratio  to   {i.e.,  as  the   argument  or 
independent  variable  — >  go  ) ,     Thus 

15W.+  19 


V?iV" 


3,1      is  0 

The  strict  analytical  definition  is  as  folloAVS. 
If  Ujf  and  Vx  are  two  functions  of  x  such 
that  there  is  a  number,  say  n,  such  that 
the  modulus  |  Uj; :  r^.  j  is  <  K  Avhenever 
x>n,  Avhere  K  is  finite  and  independent 
oE  n,  we  say  that  i/.^  is  0(r.,). 

o  (     ) Ultimately    vanishes    in    comparison    with 

(i.e.,    as    the    argument    or    independent 
variable  — >  x  ) .     Thus 

lofif  X 

— - —  — >o  as  a—>  X  ;   i.e.,  log  x  is  o{x).. 


LEGAL   NOTES. 
Bij  William  Charles  Sharman,  F.I.A.,  Barrister-at-Law. 

Relief  from         UNDER  Sbc.  36  (1)  of  thc  Finance  Act,  1916,  it  is 
in  respect  of       cuacted  that    relief   from    super-tax  shall   not    be 

life  premium  _  _         ^ 

conulirt"  given  in  respect  of  premiums  payable  under  life 
assurances  and  deferred  annuities. 

An  interesting  point  in  this  connection  arose  in  the  case  of 
Earl  Hotve  v.  Commissioners  of  Inland  Revenue,  which  will  be 
found  reported  in  The  Times  of  10  July  1918,  but  had  not 
appeared  in  the  official  reports  at  the  time  when  these  Notes 
Avere  A\Titten. 

The  case  was  an  appeal  from  a  decision  of  the  Commissioners 
for  the  Special  Purposes  of  the   Income  Tax  Acts  in  respect 
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of  a  claim  by  Lord  Howe  to  deduct  amounts  paid  by  him  as 
premiums  on  life  assurance  policies  from  his  assessment  to 
super  tax. 

The  facts  are  as  follows : 

For  the  purpose  of  raisiii^f  ceitain  sums  of  money,  Lord  Howe 
granted  his  interest  in  certain  estates  and  also  assigned  a  certain 
pohcy  of  life  assurance  on  his  own  Hfe  to  an  assurance  company 
by  way  of  mortgage.  He  covenanted  to  pay  (1)  interest  on  the 
sums  advanced  by  him;  (2)  the  premiums  on  the  hfe  pohcy. 
He  also  gave  a  right  to  the  assurance  company  to  pay  the 
premiums  if  he  himself  neglected  to  do  so,  and  to  charge  them 
on  the  mortgaged  property.  It  was  contended  on  behalf  of 
Lord  Howe  that  there  was  no  distinction  in  principle  between 
the  annual  premium  payable  and  the  mortgage  interest.  The 
Commissioners  decided  that  Lord  Howe  was  not  entitled  to 
■deduct  the  amounts  of  such  premiums  from  his  assessment. 

In  giving  judgment  in  favour  of  the  appellant,  -Mr.  Justice 
Sankey  said :  "  If  the  case  came  before  me  unembarrassed  by 
"  authority,  I  am  bound  to  say  that  a  careful  consideration  of 
*'  the  sections  of  the  Income  Tax  Acts  would  lead  me  to  the 
*•  conclusion  that  the  contention  of  the  Crow^n  is  correct.  The 
*'  matter  has,  however,  recently  come  before  the  Irish  Courts  in 
"  the  case  of  Commissioners  of  Inland  Revenue  v.  Lord  Massy, 
^'  and  two  out  of  three  judges  decided  that  the  contention  as 
^'  advanced  by  Lord  Howe  in  the  present  case  is  correct.  An 
"  appeal  was  brought  before  the  Irish  Court  of  Appeal,  but 
"  imfortunately,  before  judgment  was  given,  Lord  Glassy  died, 
*'  and  his  executors  did  not  continue  the  case ;  I  think,  therefore, 
"  in  these  circumstances  I  ought  to  follow  the  majority  judgment 
"  in  the  Irish  Courts,  and.  as  a  result,  the  appeal  succeeds.'" 

I  understand  an  appeal  has  been  lodged  against  the  decision 
and  the  case  will  shortly  come  before  the  Court  of  Appeal. 


The  question  w^hether  certain  forms  of  endowment 
endo?5^em;poucy  policies   could    bc    corrcctly  termed   pohcies  of   life 

-a  policy  of  Ufe  .  . 

assurance?        assm'ancc,    agaui    came    before    the    Court   in   the 
case   of    In   re    Xational    Standard  Life  Assurance 
Corporation,  118  L.T.R.  621. 

The  decision  in  this  case  is  not  inconsistent  with  previous 
decisions  in  regard  to  somewhat  similar  kinds  of  assurance 
reported  in    these  Notes  under  the  names  of   Flood  v.  Irish 
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Provident  Assurance  Company,  Limited  {J  J  .A.  .\o\.  xlvii,  p.  298), 
and  Joseph  v.  Laic  Integrity  Insurance  Company.  Limited  (J. I. A., 
vol.  xlvii,  p.  300). 

The  National  Standard  Life  Assurance  Corporation  was 
incorporated  in  1906,  and  £20,000  was  deposited  in  the  Court 
of  Chancery  in  respect  of  the  hfe  assurance  business  of  the 
company. 

On  6  July  1916,  an  order  to  wind  up  the  company 
compulsorily  was  made,  and  the  liquidator  took  out  a  summons 
to  have  it  determined  whether  certain  assurances  were  "  pohcies 
on  human  life  ""  within  the  meaning  of  the  Assurance  Companies 
Act,  1909,  so  as  to  entitle  the  holders  thereof  to  participate  in 
the  statutory  deposit. 

The  assurances  were  divided  into  four  classes,  as  follows  :  In 
consideration  of  certain  premiums,  the  Corporation  bound  itself 

(1)  to  pay  a  fixed  sum  to  the  assured  at  a  fixed  date  if  he 
should  be  then  living,  with  provision  for  the  payment  of  a 
smaller  amount  to  the  legal  personal  representatives  in  the  case 
of  death  : 

(2)  to  pay  a  fixed  sum  at  a  fixed  date  without  any  reference 
to  the  death  of  the  assured.  In  this  case  the  premiums  were 
payable  during  the  whole  period,  f  nd  it  was  open  to  the  legal 
personal  representatives  to  continue  to  pay  the  premiums  ; 

(3)  to  pay  a  sum  at  a  fixed  date,  such  sum  varying  according 
to  whether  certain  options  were  exercised,  the  legal  peisonal 
representatives  having  the  right  to  surrender  the  policy  within 
six  months  of  the  death  of  the  holder,  and  to  receive  the  total 
amount  of  premiums  paid ; 

(4)  to  pay  a  fixed  sum  at  a  fixed  date  with  a  provision  that 
should  the  holder  die  before  the  date  of  maturity,  the  legal 
personal  representatives  should  be  entitled  to  a  return  of  the 
premiums  paid. 

In  the  course  of  his  judgment,  Neville,  J.,  said :  ■'•'  In  my  opinion 
"  there  is  only  one  class  of  policy  mentioned  in  the  summons 
"  which  raises  any  bpecial  difficulty,  and  that  is  the  policy 
"  falling  under  the  third  class,  whereby  the  company  assures 
"  payment  of  a  sum  of  money  at  a  fixed  date,  and  gives  an 
'•■  option  to  the  legal  personal  representatives  to  determine  the 
•'  contract  on  the  death  of  the  assured,  on  the  exercise  of  which 
"  option  all  premiums  are  to  be  repaid.  The  pohcies  falling 
"  within  the  fourth  class  clearly  come  within  the  statutory 
'•'  definitions,  because  in  that  case  the  money  is  payable  upon 
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"  the  death  of  the  assured  unless  something  else  intervenes  in 
-"  the  shape  of  a  new  contract  between  the  legal  personal 
"  representatives  of  the  assured  and  the  company.  Unless 
"  that  happens,  the  premiums  are  to  be  returned  on  the 
*'  death  of  the  assured.  In  the  case  of  pohcies  falhng  under 
■"  the  third  class,  however,  the  premiums  are  not  to  be  returned 
"  to  the  legal  personal  representatives  unless  they  choose  to 
"  determine  the  contract,  which  they  have  power  to  do  ;  but 
■"  in  my  opinion,  the  contention  was  right  that  the  determination 
"  of  the  contract  by  them  is  a  '  contingency  dependent  on  human 
"life',  and  falls  within  the  statutory  definition  contained  in 
"  Sect.  30  (a)  of  the  Assurance  Companies  Act,  1909.  The 
"  result,  therefore,  is  that  all  the  policies,  with  the  exception  of 
"  those  falling  under  the  second  class,  are  in  my  opinion '  policies 
"  on  human  hfe',  and  entitle  the  holders  to  rank  against  the 
^'  statutory  deposit." 

Legal  decisions  on  this  point  were  formerly  of  some 
importance  owing  to  their  bearing  on  the  question  as  to  what 
constituted  a  life  insurance  policy  for  the  purpose  of  obtaining 
relief  from  income  tax.  The  restrictions  contained  in  recent 
Finance  Acts  have,  however,  considerably  modified  the  import- 
ance of  this  question.  At  the  same  time  it  is  interesting  to 
note  the  distinction  drawn  between  a  pure  endowment  policy 
with  return  of  premiums  in  the  event  of  death,  and  a  capital 
redemption  or  sinking  fund  policy. 


If  it  be  desired  to  grant  an  annuity  payable  free 
Annmty  payable  ^j  income  tax,  it  Is  ucccssary  that  words  clearly 
doesnotavoid     indicatius;  this  intention   should  be    used,  and  the 

deduction  of  ~  .        „  . 

Income  Tax.  statcmcut  that  thc  annuity  is  to  be  paid  free  of  any 
deduction  is  not  sufiicient  to  avoid  deduction  of  income  tax.  In 
the  case  of  In  re  Loveless,  34  T.L.K.  356,  the  Court  of  Appeal 
held  that  a  direction  in  a  will  to  pay  a  clear  annuity  is  not  to 
be  construed  as  giving  the  annuity  free  of  tax.  The  facts  are 
as  follows  :  The  testator,  Thomas  Henry  Loveless,  by  his  wall 
dated  18  July  1902,  after  giving  various  legacies  and  annuities 
— to  be  paid  free  of  estate,  settlement  estate,  legacy  or  succession 
duty — directed  that  his  trustees  should  stand  p|0ssessed  of  two 
equal  third  parts  of  the  residuary  trust  fund  upon  trust  out  of 
the  income  thereof  to  pay  to  his  wife,  Edith  Jane  Loveless, 
^'  a  clear  annuity  of  £2,000  during  her  widowhood  commencing 
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"  from  my  death  ",  and  in  the  event  of  her  remarriage  then  for 
the  remainder  of  her  life  "  a  clear  reduced  annuity  of  £1,000 
"  for  her  separate  use  without  power  of  anticipation  ",  such 
annuities  to  be  paid  by  equal  quarterly  payments. 

The  will  contained  a  power  to  appropriate  out  of  the  fund 
a  sufficient  part  to  answer  the  annuity  payable  to  his  wife,  mth 
power  to  resort  to  the  capital  in  case  of  a  deficiency.  The 
testator  died  on  12  November  1916.  The  trustees  took  out  an 
originating  summons  to  determine,  amongst  other  questions, 
whether,  according  to  the  true  construction  of  the  wall,  the 
widow  was  entitled  to  receive  the  annuity  free  from  income 
tax,  or  whether  she  had  to  bear  the  income  tax  on  it. 

]Mr.  Justice  Eve  held,  on  the  authorities,  that  the  word 
"clear "was  properly  applicable  to  the  instalments  of  legacy 
duty  payable  in  respect  of  the  annuity,  and  that  the  widow  was 
not  entitled  to  receive  the  annuity  free  of  income  tax. 

The  Court  of  Appeal  dismissed  the  appeal  of  the  widow 
against  this  decision. 

In  giving  judgment  Lord  Justice  Swinfen  Eady  said  that 
the  learned  judge  below  had  held  that  the  direction  to  pay 
a  clear  annuity  did  not  give  an  annuity  free  from  income 
tax,  and  in  his  (his  Lordship's)  opinion  he  was  right  in  so 
holding.  The  Income  Tax  Act,  1842,  provided  (Section  102) 
that  on  annuities  or  other  annual  payments  there  should  be 
charged  yearly  for  every  205.  of  the  amount  thereof  the  tax 
payable  without  deduction,  and  a  proviso  contained  a  power 
enabUng  the  person  authorized  to  make  the  annual  payment 
to  deduct  the  tax  payable,  and  the  person  entitled  to  receive 
the  annual  pa}nnent  must  alloAv  the  deduction,  as  if  the 
amount  deducted  had  actually  been  paid  to  him.  The  Income 
Tax  Act,  1853,  Section  40,  extended  that  power,  providing 
that  "  the  person  liable  to  such  payment  shall  be  acquitted 
"  and  discharged  of  so  much  money  as  the  deduction  shall 
"  amount  unto,  as  if  the  amount  thereof  had  actually  been 
"  paid  unto  the  person  to  whom  such  payment  shall  have  been 
"  due  and  payable."  The  Customs  and  Inland  Eevenue  Act, 
1888,  Section  2-1,  Sub  section  3,  contained  a  positive  direction 
that  the  person  paying  the  annuity  should  deduct  the  income 
tax  payable  thereon. 

In  his  opinion  a  clear  annuity  was  paid  to  an  annuitant 
where  there  was  paid,  first  the  income  tax  payable  thereon, 
and  then  the   balance  payable  direct   to  the   annuitant,  the 
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two  sums  makin<i  together  the  full  sum  payable  to  the 
amiuitant.  The  tax  was  paid  out  of  the  annuity,  and  it  was 
as  much  paid  to  the  amiuitant  as  if  the  whole  annuity  had 
been  paid  to  her  direct  without  deduction,  in  which  case  she 
would  have  to  pay  the  income  tax  thereout  herself.  In  all 
cases  where  there  was  a  direction  in  a  will  to  pay  an  annuity 
clear  of  or  free  from  all  deductions,  the  will  ought  not  by 
reason  of  those  words  to  be  construed  as  giving  the  annuity 
free  of  income  tax. 

Lord  Justice  Bankes  and  Mr.  Justice  Neville  concurred. 

The  case  of  Yorle  v.  Yorkshire  Insurance  Company, 
*n"wfr"°r         Limited  (1918),  1  K.B.  662,  raised  some  interesting 

questions  in  .  .  .  .         -     . 

proposal.  points  With  regard  to  the  questions  contained  m  a 

proposal  for  life  assurance. 

The  facts  are  as  follows :  The  insurance  company  granted 
a  policy  of  insurance  for  £1,000,  dated  6  January  1917,  to  one 
Robert  Smith,  payable  in  the  event  of  death  occurring  before 
4  December  1917.  The  policy  was  assigned  to  the  plaintiff  on 
28  February  1917.  Robert  Smith  died  on  25  March  1917,  and 
the  insurance  company  refused  payment  on  the  gromid  that 
certain  answers  in  the  proposal  were  untrue,  and  that  the 
assured  had  failed  to  disclose  that  he  suffered  from  heart  trouble 
and  insomnia,  and  was  addicted  to  the  veronal  habit. 

The  proposal  form  contained  {inter  alia)  the  following' 
questions  :  What  illnesses  have  you  suffered  ?  Answer  :  None 
of  consequence.  Do  you  ordinarily  enjoy  good  health  ? 
Answer  :  Yes.  Are  you  now  and  have  you  always  been  of 
sober  and  temperate  habits  ?     Answer  :  Yes. 

In  giving  judgment  in  favour  of  the  insurance  company, 
'Slv.  Justice  McCardie  held  that  the  question  as  to  what  illnesses 
the  assured  had  suffered  was  not  ambiguous  and  that  the  answer 
thereto  was  not  a  mere  expression  of  opinion  and  that  the 
untruth  of  the  answer  rendered  the  policy  void.  The  words 
"  sober  and  temperate  "'  in  a  proposal  for  life  insurance  must 
be  held,  however,  to  refer  only  to  the  use  and  abuse  of  alcohol, 
and  not  to  drug  habits.  Unless  the  question  be  expressly  asked, 
insurance  companies  must,  with  respect  to  the  use  of  drugs  by 
a  proposer,  rely  on  the  rule  of  law  which  requires  the  disclosure 
of  all  material  facts  known  to  the  proposer  which  might  lead 
the  insurer  to  refuse  the  risk. 
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The  United  States  Moratorium  in  respect  of  the  Life  Assurance 
Premiums  of  Officers,  Men  and  Nurses  on  Active  Service. 

[On  pp.  54-56  of  the  current  volume  Ave  gave  the  more 
material  sections  of  the  Act  of  the  United  States  Legislature 
providing  for  the  grant  by  the  Treasury  War  Risk  Insurance 
Bureau  of  new  convertible  term  assurances  to  officers,  men 
and  nurses  on  active  service.  Our  attention  has  since  been 
drawn  by  Mr.  J.  Douglas  Watson  to  the  Soldiers'  and  Sailors^ 
Civil  Rights  Act,  signed  by  President  Wilson  on  March  8, 
1918,  by  which  provision  is  made  for  the  non-lapsing  of 
existing  assurances  effected  before  1  September  1917  by 
persons  now  in  military  or  naval  service.  The  Commercial 
and  Financial  Chronicle  of  New  York  comments  as  follows 
on  the  assurance  provisions  of  the  Act:  "The  bill  of  the 
special  session"  (a  Moratorium  Bill  which  was  not  passed 
by  Congress)  "was  especially  objectionable  in  the  portion 
relating  to  life  insurance,  because  it  proposed  to  stop  lapsing- 
on  policies  which  had  been  in  force  a  year  and  in  practice 
would  have  undertaken  to  confiscate  the  reserve  on  some 
policies  for  the  benefit  of  holders  of  other  policies  .... 
When  the  insurance  experts  pointed  this  out  to  the  sub- 
committee of  the  Senate,  whose  members  had  proposed  to 
rush  ahead  and  forbid  lapsing  and  had  not  stopped  to  consider 
how  that  might  work,  they  were  able  to  see  the  point  and 
candid  enough  to  confess  it.  Then  came  a  proposition  that 
the  Government  guarantee  the  companies  against  loss  and 
protect  itself,  in  turn,  by  taking  a  lien  on  the  policies.  This 
proposition,  with  its  crudeness  removed,  has  been  followed  in 
the  Act  as  passed.  .  .  .  The  Article "  {i.e.,  the  Insurance 
Article  of  the  Act)  "  has  far  smaller  application  than  was 
proposed  at  the  special  session,  and  its  terms  are  far  d  liferent 
from  the  broad  bar  upon  lapsing  first  written  into  the  bill. 
Any  loss  occurring  will  now  fall  upon  the  country,  as  it 
should ;  the  companies  will  be  subjected  to  considerable 
trouble  and  some  expense,  but  they  will  be  protected,  and  the 
scheme  is  apparently  workable.  In  respect  to  justice  it  is  far 
better  than  the  "  (British)  "  Emergency  Powers  Act  which  was 
hastily  enacted  by  Parliament  soon  after  the  war  began  .  .  .  ." 
The  following  extracts  from  the  Act  will  sufficiently  indicate 
the  nature  of  the  scheme. — Eds.  J.I.A.^^  : 
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Sec,  401.  That  the  benefits  of  this  Article  shall  apply  to  any 
person  in  military  service*  who  is  the  holder  of  a  policy  of  life  in- 
surance when  such  holder  shall  apply  for  such  benefits  on  a  form 
prepared  in  accordance  with  regulations  which  shall  be  prescribed 
by  the  Secretary  of  the  Treasury.  .  .  .  The  original  of  such 
application  shall  be  sent  by  the  insured  to  the  insurer,  and  a  copy 
thereof  to  the  Bureau  of  War  Risk  Insurance.  .  .  . 

Sec.  402.  That  the  benefits  of  this  Act  shall  he  available  to 
any  person  in  military  service  in  respect  of  contracts  of  insurance 
in  force  under  their  terms  up  to  but  not  exceeding  a  face  value  of 
$5,000,  irrespective  of  the  number  of  policies  held  by  such  person 
whether  in  one  or  more  companies  Avhen  such  contracts  were  made 
and  a  premium  was  paid  thereon  before  September  1  1917.  .  .  . 

Sec.  404.  That  when  one  or  more  applications  are  made  under 
this  Article  by  any  one  person  in  military  service  in  respect  of  in- 
surance exceeding  a  total  face  value  of  $5,000,  whether  on  one  or 
more  policies  or  in  one  or  more  companies,  and  the  insured  shall 
not  in  his  application  indicate  an  order  of  preference,  the  Bureau  of 
War  Risk  Insurance  shall  reject  such  policies  as  have  the  inferior 
cash  surrender  value,  so  as  to  reduce  the  total  benefits  conferred 
Avithin  the  face  value  of  $5,000,  and  where  necessary  for  this  pur- 
pose shall  direct  the  insurer  to  divide  any  policy  into  two  separate 
policies.  .  .  . 

Sec.  405.  That  no  policy  which  has  not  lapsed  for  the  non- 
payment of  premium  before  the  commencement  of  the  period  of 
military  service  of  the  insured,  and  which  has  been  l^rought  within 
the  benefits  of  this  Article,  shall  lapse  or  be  forfeited  for  the  non- 
payment of  premium  during  the  period  of  such  service  or  during 
one  year  after  the  expiration  of  such  period  ;  Provided  that  in  no 
case  shall  this  jirohibition  extend  for  more  than  one  year  after  the 
termination  of  the  war. 

Sec.  406.  That  within  the  first  fifteen  days  of  each  calendar 
month  after  the  date  of  approval  of  this  Act  until  the  expiration  of 
one  year  after  the  termination  of  the  war,  every  insurance  corpora- 
tion or  association  to  which  application  has  been  made  as  herein 
provided,  for  the  benefits  of  this  Article,  shall  render  to  the  Bureau 
of  War  Risk  Insurance  a  report,  duly  verified,  setting  forth  the 
following  facts  : 

First.  The  names  of  the  persons  who  have  applied  for  such 
benefits,  and  the  face  value  of  the  policies  in  respect  of  which  such 
benefits  have  been  applied  for  by  such  persons,  during  the  preceding 
calendar  month  ; 

Second.  A  list  as  far  as  practicable  of  the  premiums  in  respect 
of  policies  entitled  to  the  benefits  of  this  Articje  which  remain  un- 
paid on  the  last  day  of  the  preceding  calendar  month  .... 

Fourth.  A  computation  of  the  difference  between  the  total 
amount  of  defaulted  premiums  ....  and  the  total  amount  of 
premiums    paid    after    having    been     previously    reported    as   in 

*  Iiielu:liiifr,  liroaUy,  as  defined  by  Sec.  101,  all  officers,  men  and  nurses  on 
active  service  in  the  Army  or  X.ivy. 
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■default.  .  .  .  The  final  sum  so  arrived  at  shall  be  denominated 
the  monthly  difference. 

Sec.  408.  That  the  Secretary  of  the  Treasury  shall,  within 
ten  days  thereafter,  deliver  each  month  to  the  proper  officer  of  each 
insurer,  bonds  of  the  United  States  to  the  amount  of  that  multiple 
of  $100  nearest  to  the  monthly  diflTcrence  certified  in  respect  of 
each  insurer.  .  .   . 

Sec.  409.  That  the  bonds  so  delivered  shall  be  held  by  the 
respective  insurers  as  security  for  the  payment  of  the  defaulted 
premiums  with  interest.  To  indemnify  it  against  loss  the  United 
States  shall  have  a  first  lien  upon  any  policy  receiving  the  benefits 
of  this  Article,  subject  to  any  lien  existing  at  the  time  the  policy 
became  subject  to  this  Act.  .  .  . 

Sec.  410.  That  in  the  event  that  the  military  service  of  any 
person  Ijeing  the  holder  of  a  policy  receiving  the  benefits  of  this 
Article  shall  be  terminated  by  death,  the  amount  of  any  unpaid 
premiums,  with  interest  at  the  rate  provided  for  in  the  policy  for 
policy  loans,  shall  be  deducted  from  the  proceeds  of  the  policy  and 
shall  be  included  in  the  next  monthly  report  of  the  insurer  as 
premiums  paid. 

Sec.  411.  That  if  the  insured  does  not  within  one  year  after 
the  termination  of  his  period  of  military  service  pay  to  the  insurer 
all  past-due  premiums  with  interest  thereon  from  their  several  due 
'dates  at  the  rate  provided  for  in  the  policy  for  policy  loans,  the 
policy  shall  at  the  end  of  the  year  immediately  lapse  and  become 
void,  and  the  insurer  shall  thereupon  become  liable  to  pay  the  cash 
surrender  value  thereof  if  any  :  Provided  that  if  the  insured  is  in 
the  military  service  at  the  termination  of  the  war,  such  lapse  shall 
occur  and  surrender  value  be  payable  at  the  expiration  of  one  year 
after  the  termination  of  the  war. 

Sec.  412.  That  at  the  expiration  of  one  year  after  the  termina- 
tion of  the  war  there  shall  be  an  account  stated  between  each  insurer 
and  the  United  States,  in  which  the  following  items  shall  be  credited 
to  the  insurer : 

(1)  The  total  amount  of  the  monthly  difterences  reported  under 

this  Article  ; 

(2)  The  diff'crence  Ijetween  the  total  interest  received  Ijy  the 

insurer  upon  the  bonds  held  by  it  as  security  and  the 
total  interest  upon  such  monthly  diflereuces  at  the  rate 
of  5  per-cent  per  annum  ; 
and  in  which  there  shall  be  credited  to  the  United  States  the  amount 
of  the  cash  surrender  value  of  each  policy  lapsed  or  forfeited  as 
pro\aded  in  Section  411,  but  not  in  any  case  a  greater  amount  on 
any  policy  than  the  total  of  the  unpaid  premiums  with  interest 
thereon  at  the  rate  provided  for  in  the  policy  for  policy  loans. 

Sec.  413.  That  the  balance  in  favour  of  the  insurer  shall,  in 
each  case,  be  paid  to  it  by  the  United  States  upon  the  surrender  by 
the  insurer  of  the  bonds  delivered  to  it  from  time  to  time  by  the 
•Secretary  of  the  Treasury  under  the  provisions  of  this  Article. 

Sec.  414.     That  this  Article  shall  not  apply  to  any  policy  which 

M  2 
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is  void  or  which  may  at  the  option  of  the  insurer  Ije  voidable,  if  the 
insured  is  in  military  service,  either  in  this  country  or  abroad,  nor 
to  any  policy  which  as  a  result  of  being  in  military  service,  either  in 
this  country  or  abroad,  provides  for  the  payment  of  any  sum  less 
than  the  face  amount  thereof  or  for  the  payment  of  an  additional 
amount  as  premium. 


ACTUAEIAL    NOTE. 


A  Comprehensive  Table  for  the  calcnlation  of  yields  (gross  and 
net)  on  Redeemahle  Securities.  By  J.  E.  Armstrong,. 
F.F.A.,  of  the  Scottish  Provident  Institidion. 

j_HE  tables  of  net  yields  on  redeemable  securities  after- 
allowing  for  income  tax,  as  published  in  J.  J. A.,  vol.  li,  pp. 
28-31,  are  admirably  ingenious  and  compact.  They  apply,, 
however,  only  to  bonds  bought  at  a  discount,  and  moreover 
the  double  interpolation  generally  required  in  their  use  maj^ 
involve  an  accumulation  of  errors  which,  w^hile  not  serious  in 
practice,  throws  us  back  on  a  troublesome  calculation  in  cases- 
where  greater  exactitude  may  be  desired.  The  present  Avriter 
feels  that  there  is  room  for  further  treatment  of  the  subject,, 
and,  acting  on  a  suggestion  from  Mr.  Lidstone,  ventures 
to  submit  the  appended  table,  based  on  the  first-difference- 
formula  discussed  in  J.I. A.,  vol.  1,  pp.  247-250,  by  means  of 
which  both  the  gross  and  the  net  yield  on  a  bond  bought  at 
either  a  premium  or  a  discount  may  be  calculated  very  easil}*^ 
and  with  close  accuracy. 

The  editorial  comments  on  the  note  just  referred  to- 
include  an  alternative  formula  of  Mr.  Lidstone's,  vv'hich  the 
present  writer  recognizes  as  a  distinct  and  characteristic 
improvement  on  his  own.  The  improvement  consists  in 
starting,  not  from  g,  the  nominal  rate,  as  the  writer  suggested,, 
but  from  a  trial  r^ite  g  +  aci  nearer  to  the  required  rate  g  +  x 
and  thus  involving  interpolation  for  a  smaller  interval,  with,, 
as  a  result,  a  higher  degree  of  accuracy  in  cases  where  x  is 
large. 

The  derivation  of  the  "  trial  rate  "  formula  from  the  well 
known  expression   for   the    discount    in    the    price,    namely,. 
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■consists   in   substituting  <r,  +  (*•  — Aj)    for  .r,  where  g  +  a:iis  a 
trial  rate,  whence  we  have 

i.e.,  .^(1-  "f  AR^+-M  =  K(R3+^-.-'^AE''+M 
h  It 


whence^    taking  the  difference-interval  /i  =  "01,  we  have 

_  K(Rg+''-lOOa;,AEg+^0 
'^~         1-100KAR3+-^.  ■ 

or  adding  g  so  as  to  obtain  the  yield  direct,  we  have 


:i) 


_  g  +  K [R''+'' - 1  OOjg  +  y,)AR'^+-^'] 
^'^''^-'  1-100KAR3+^'  •  ■     ^^^ 

The  other  essential  feature  of  Mr.  Lidstone's  suoforestion 
•consists  in  .substituting,  for  the  variable  trial  rate  ff  +  Xi  a 
*'  standard "  trial  rate  I  which  would  probably  var}^  ouly 
gradually  from  time  to  time  and  which,  if  taken  at  present  at 
say  "05,  Avould  give  good  results  so  far  as  gross  yields  are 
concerned. 

For  net  yields  after  allowing  for  tax,  a  lower  "  standard  " 
rate — say  4  per-cent— would  be  more  suita-ble. 

Passing  to  percentages  we  thus  have,  in  Mr.  Lidstone's 
3iotation 

100.-  (c.ross)=  l^0^100K(R^-100IAR^ 
l«ioss;  1+lOOKARi 

_  100^  +  lOOKA 

~     1+ 100KB  ■         •         •         •     ^'''^ 

1AA-  /     .^      ] 00^(1 -0  +  100K(R^'- 1001 'ARi') 
and         100^  (net)  =  -^ IxioOKAR^' ~ 


+ 

_  100^(1 -0±]00K  A/ 
1  + 100KB' 


(4) 


the  upper  or  lower  signs  being  taken  according  as  K  is  the 
discount  or  the  premium  per  unit  of  the  jDrice,  and  t  being  the 
rate  of  income  tax  per  £. 

'J'he  functions  tabulated  in  the  appended  table  are  lOOA 
and  lOOB  at  5  per-cent  and  100 A'  and  lOOB'  at  4  per-cent 
convertible  half-yearly.  The  process  of  calculation  is  obvious; 
it  need  only  be  noted   that   the  functions,  being  tabulated  as 
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pei'centag'os,  are  to  be  used  with  K,  the  discount  or  premium 
per  unit  of  price. 

As  an  example  take  a  3  per-cent  debenture  redeemable  in 
30  years,  price  58"49  per-cent.  The  discount  being  '4151  per 
unit^  we  have  for  the  gToss  yield 

3  +  -4151x2-691      4-117      .  ^^^ 

"j       TT^n ^c^--  =  -co^c,  =o'y9y  per-cent, 

I  — -4101  X -755       -6862  ^  ' 

the  true  gross  yield  being  6  per-cent. 

For  the  net  yield  after  allowing  for  tax  at  6s.  per  £,  we- 
have,  substituting  2'1  for  3  in  the  numerator  and  taking 
A'  and  B'  at  4  per-cent 

2-1  + -4151  X  2-885      3-298      ,  ^^^ 
n^4T5l^7T7    =  -7024  =^'^^^  P"'-^^^^*' 

the  true  net  yield  being  4-694  per-cent. 

Had  the  mean  of  each  of  the  tabulated  functions  been 
used  in  the  calculation  of  both  the  gross  and  the  net  yield  the 
results  Avould  have  been  5987  and  4-690  respectively.  The 
example  chosen  being  a  very  severe  test  in  view  of  the 
unusual  disparity  between  the  gross  rate  and  the  nominal  and 
trial  rates,  these  last  results  indicate  that  for  most  cases  in 
practice  a  single  set  of  functions,  say  at  4^  per-cent,  would 
serve  for  calculating  both  the  gross  and  the  net  yield.  The 
difference  between  the  expressions  for  the  gross  and  net  yields 

would  then   be   simply  ^^^^^ry^-Hr-^-,- ,   a   verv    convenient   ex- 

pression  for  the  tax  deduction  from  the  gross  yield  when  the 
latter  is  ascertainable  from  prepared  tables  without  requiring* 
to  be  calculated. 

While  the  quantities  A  and  A'  are  tabulated  with  a  vieAv 
to  the  direct  calculation  of  the  full  rate,  gross  or  net,  the 
writer  may  add  that  personally  he  prefers  the  more  compact 
formula  (1),  giving  x,  the  addition  to  the  nominal  rate.  In 
this  case  the  quantities  required  are  simply  IGOR  at  a 
convenient  rate,  say  4  per-cent  (convertible  half-yearly),  and 
the  values  of  lOOAR  for  successive  1  per-cent  intervals  up  to^ 
say,  6  per-cent.  The  trial  rate  can  then  be  easily  varied  at 
pleasure. 

The  general  formula 

(7  +  K(R'-100/ARO 
1  +  lOOKAK' 
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invites  compai'ison  witli  Mr.  Todhuiiter's  well  known  approxi- 
mate expression  for  the  yield,  namely, 

K 

9±- 


In 


On  the  assumption  of  constant  first  differences 

K(R'-100i'AR')=KR"=K/7i 

n-hl 
as  in  Mr.  Todhunter's  formula.     Similarly  — :, —   in  the  latter 

2n 

is  a  first  approximation  to  lOOAR.     It  will  be  seen  from  the 

values    tabulated    that    the    errors    of    the    factors    of    K   in 

Mr.   Todhunter's  formula  are  positive   and  negative  in    the 

numerator    and    the    denominator    respectively.     Hence    the 

values  of  the  numerator   and   denominator  err  in  the  same 

direction,  with  the  result  that,  within  limits,  the  expression 

gives  a  fair  approximation.     Closely  approximate  expressions 

for  K'  and  AR'  for  periods  from    10  to  50  years  and  for  rates 

of  interest  froui   3  per-cent  to   6   per-cent  may  hoAvever  be 

obtained   as  follows  :     Taking   selected    values   of  R   within 

these  limits  and  deducting  from  them      + '0053(1000  we  are 

n 

left  with  a  residue  the  quotient  of  which  b}^  7^(100/)-  lies,  for 

the  most   part,  between  6  and  7   in   the   sixth   decimal   place- 

We  may  therefore  write 

lOOR' =:100?i-'  + -53(1000 +2» (1000-^3000  approx.  (5) 

100AR'  = -53 +  2»(200i+ 1)^3000  „         (6) 

100(R'-lOOiARO  =  100n-'-2nlOO/(100i+l)--3000  „         (7) 

2-4-3000  =  "0006  being  taken  as  the  most  convenient  factor 
nearly  midway  between  '0006  and  "0007.     The  substitution  of 

71  +  1 

(7)    and     (6)     for     lOO^i"'     and    —^        respectively     in     Mr. 

Todhunter's  formula  would  not  only  extend  its  range 
considerably,  but  make  it  practically  as  accurate  in  most 
cases  as  if  the  actual  tabular  values  of  the  functions  were 
used,  especially-  Avith  a  trial  rate. 
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As  an  illustration,  reverting  to   the  above  example  and 
using  formula  (1),  we  have,  at  trial  rate  5  per-cent : 

100R= 3-333  +  2-65  + -5  =  6-483 
100AR  =  -53  +  -2-2  =  -75 
(5-3)xl00AR  =1-5 

4-983 


•4151x4-983      .3„„,     ...^ 

and  -i i-n^^i =rv  =3-004=100.^ 

1  — -41ol  X  -/o 

whence  we  have  as  the  gross  yield  100 (r/ +  .(■.)  =  6-004  per-cent 
an  error  of  '004. 

Again,  at  4  per-cent, 

lOOR  =  3-333  +  2-1 2  +  -32  =  5-7  73 
100AR  =  -53  +  -18  =  -71 
(4-2-1)  X  lOOAR  =1-349 

4-424 


,  •4151x4-424      „.„, 

and  :j TT^n FT  =2  604 

1  — -41ol  X  -71 

which  added  to  2-1,  the  net  nominal  rate,  gives  4-704  per-cent 
as  the  net  yield,  an  error  of  -010. 

It  may  be  added  that  n~^,  i.e.,  R",  is  the  first  term  in  the 
expansion  of  a~^,  while  -53*  is  the  mean  value  of  the  second 
term  in  the  expansion  for  7i  =  10  to  50. 

The  above  expressions  are  not,  of  course,  put  forward  with 
any  idea  of  their  being  generally  used  in  place  of  the  actual 
values  of  the  functions  in  question.  But  they  are  so  nearly 
accurate,  are  so  easily  remembered,  and  lend  themselves  so 
readily  to  an  occasional  rapid  calculation  independently  of 
tables  that  the  writer  thinks  it  worth  while  to  mention  them. 
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4  PER-CENT 

5  PER-CEXT 

Years 

lOOA'       lOOB' 

lOOA    !    lOOB 

2 

49-969    ,    -639 

49-954 

642 

2i 

39-961    ' 

618 

1    39-942 

622 

3 

33-286 

605 

33-262 

610 

3^ 

28-516    1 

597 

'    28488 

602 

4 

24-936 

•592 

24-904 

598 

42^ 

22150 

583 

22-114    i 

595 

5 

19-920 

086 

19-880 

594 

5i 

18-093 

586 

18-050 

594 

6 

16-570 

586 

16-522    I 

595 

6i 

15-280 

586 

15-228    , 

596 

7 

14-173 

587 

14-118 

598 

71 
'  2 

13-212 

588 

13-153 

600 

8 

12-371 

590 

1    12-308 

602 

H 

11-628    ' 

592 

11-561 

605 

9 

10-966 

594 

1    10-895 

608 

H 

10-373 

596 

10-299    ! 

611 

10 

9-839    1 

•598 

9-761 

614 

11 

8-914    i 

•603 

8-829 

620 

12 

8-141 

608 

8-048 

627 

13 

7-484 

614 

7-384 

•634 

14 

6-919    ; 

620 

6-812 

641 

15 

6-428 

626 

6-314 

648 

16 

5-996 

632 

5-875 

•656 

17 

5-613 

•638 

5-486 

•663 

18 

5-272 

644 

5-138 

670 

19 

4-964 

650 

4-825 

678 

20 

4-687 

656 

4-541 

685 

21 

4-434 

662 

4-283 

693 

22 

4-204 

668 

4-047 

700 

23 

3-992 

675 

3-830 

707 

24 

3-797 

681 

3-629 

714 

25 

3617 

687 

3-4t4 

721 

26 

3-450 

693 

j     3-272 

729 

27 

3-294 

699 

1     3-112 

736 

28 

3-149 

705 

'     2-962    1 

742    1 

29 

3-013 

711 

2-822 

749 

30 

2-885 

717 

2-691 

756 

31 

2-765 

723 

2-568 

763 

32 

2653 

729 

2-451 

769 

33 

2-546 

735 

2-342 

775 

34 

2-445 

740 

2-238    i 

782 

35 

2-350 

746 

2-140 

788 

36 

2-260    ! 

751 

2-047 

794 

37 

2-174 

757 

1-959 

800 

38 

2-092 

762 

1-875    ' 

806 

39 

2-014 

768 

1-795 

812 

40 

1-940 

773 

1-720 

817 

41 

1-869    i 

778 

1-647 

823 

42 

1-801 

783 

1-578 

828 

43 

1-737 

789 

1-513 

833 

44 

1-675 

794 

1-450 

838 

45 

1-616 

798 

1-390 

843 

46 

1-559    1 

803 

1-333 

848 

47 

1-504 

808 

1-278 

853 

48 

1-452 

813 

1226 

858 

49 

1-402 

817 

1-176 

862 

50 

1-353        -822    1 

1          1 

1-128       -867    1 
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COREESPONDENCE, 


ORIGINAL    TABLES. 

To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Dear  Sirs, — Having  on  several  occasions  had  to  estimate  the 
value  of  functions  by  the  O'"^^'  Table  at  5  per-cent  interest,  I  have 
preimred  a  table  of  annuities  on  this  basis,  and,  as  it  may  be  of 
some  service  to  other  members  of  the  profession,  I  send  you  the 
table  referred  to  herewith. 

In  constructing  this  table  the  ultimate  value  of  D^  was  made  uj^ 
by  a  continuous  process  from  the  relation 

log  D.^+1  =  log  Dj;  +  log  rp^. 

the  value  of  log  ^)^-  being  taken  from  the  table  published  in  the 
official  volume  to  five  places.  Throughout  the  whole  construction^ 
therefore,  five  place  logarithms  only  were  used. 

The  value  of  Dix]  was  then  constructed — again  by  five-place 
logarithms — directly  from  the  value  of  (log  if  +  log  k^])  and  thereafter 
the  tables  of  both  D[,r]  and  D[a;]+io  were  checked  at  decennial  ages 
by  the  arithmometer. 

From  the  relation  logD[a;]+„+i  =  logD[.r]-;-„  +  logrp[^.]-}-„  complete 
tables  of  D(.,.]+„  were  made  up — the  values  of  log  D[a.]+]o  so  found 
agreeing  with  the  values  of  log  1)  ultimate  first  obtained. 

Having  h\  summation  constructed  tables  of  X|  j.]  and  N  and  thence 
constructed — in  duplicate  by  the  arithmometer- — tables  of  a[x],  «ij-i:"5o , 
«W:4ui  and  0[j-]:'2o  to  serve  as  check  values  :  the  tables  were  then 
completed  by  the  continuous  process 

o^mT.,.  =  (hx^nr^v  +  ^[x]+n  ■  Dw 

In  using  the  values  of  log  vp  the  necessary  corrections  were 
made  to  counteract  the  ignoring  of  the  sixth  and  seventh  places  of 
decimals  in  the  value  of  log  v  :  but  as  log  p  was,  as  has  been  said, 
taken  only  to  five  places  of  decimals,  the  resultant  annuity-values 
may  differ  by  one  in  the  third  place  from  values  derived  from 
cologp  as  tabulated  to  seven  places  in  the  "Account  of  Principles, 
and  Methods.'' 

I  am, 

Yours  faithfully, 

C.  KEITH  GRANGER. 

3i),  Scnfield  Street,  Glasgoxc. 
IQJuIy  1918. 
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a^ 


[x]n\ 


5  per-cent. 


1 

10 

II 

12 

13 

14 

IS 

16 

17 

18 

19 

c 
0 

1 

Q 

0 

ct 

16-916 

16-863 

16-808 

16-750 

16-689 

16-626 

16-559 

16-490 

16-417 

16-341 

0 

•000 

•000 

•000 

•000 

•000 

•000 

•000 

•000 

•000 

•000 

1 

•95(J 

•950 

•950 

•950 

•950 

-950 

-950 

-950 

-950 

-950 

1 

2 

1-851 

1-851 
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THE     INSTITUTE     OF    ACTUARIES. 


PROCEEDINGS  OF  THE  INSTITUTE.— Session  1917-1918. 


First  Ordinary  Meeting,  4  December  1917. 
The  President  (Mr.  S.  G.  Waeneh)  in  the  Chair. 
The  President  delivered  an  Inaugural  Address. 


Second  Ordinary  Meeting,   14  January  1918. 

'The  President  (Mr.  S.  G.  Waenee)  in  the  Chair. 

Mr.  William  Maxwell  Gunii  Wilson,  F.F.A.,  was  duly  elected  an 
Associate  of  the  Institute. 

A  discussion  on  "  The  Financial  Management  of  Life  Assurance 
t^"ompanies  "  was  opened  by  Mr.  O.  T.  Falk,  in  which  the  following  gentlemen 
also  took  part,  namely.  Sir  Gerald  Rj'an,  Sir  Alfred  Watson,  Messrs.  W.  P. 
Phelps,  G.  Marks,  A.  G.  Mackenzie,  C.  Pt.  V.  Coutts,  J.  Burn,  and  the 
President. 


llie  Seventy -fir. ft  Annual  General  Meeting,   3  June  1918. 

The  President  (Mr.  S.  G.  Waexek)  in  the  Chair. 

The  proceedings  at  the  Annual  General  Meeting  will  be  found  on 
page  166. 

EEPORT,   1917-1918. 

The  Council  have  the  pleasure  to  report  to  the  Members  upon  the 
work  of  the  Institute  during  the  Session  of  1917-1918,  the  seventieth 
year  of  its  existence. 

There  has  been  a  decrease  of  36  in  the  total  number  of  members,  as 
compared  with  the  previous  year.  At  the  end  of  the  official  year  in 
whicli  the  Institute  was  incorporated  hj  Royal  Charter  the  number  of 
Members  was  434;  twenty-two  years  later,  at  31  March  1907,  it  was  956. 
Since  that  time  the  numbers  have  been  as  follows: 


On 
31  .March 

Fellows 

Associates 

Students 

Conesponding 
Members 

Total 

1908 

253 

313 

421 

22 

1,009 

1909 

254 

325 

400 

19 

998 

1910 

259 

335 

348 

21 

963 

1911 

267 

339 

308 

20 

934 

1912 

278 

354 

268 

20 

920 

1913 

282 

355 

252 

19 

908 

1914 

295 

358 

238 

19 

910 

1915 

304 

3r,i 

263 

17 

945 

1916 

308 

345 

247 

17 

917 

1917 

303 

344 

231 

18 

896 

1918 

295 

332 

215 

18 

860 
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Tlie  following  schedule  shows  the  additions  to,  and  the  changes  and 
losses  in  the  membership  which  have  occurred  during  the  j'ear  ending 
31    March   last : 

Schedule  of  Membership,  31  March  19ls. 


Fellows 

Associates 

Students 

Corres- 
ponding 
Members 

Total 

i.  Number  of  ileinbers 
in  each  class  on 
31  March  1917 

ii.   Withdrawals  by 

(1)  Death    . 

(2)  liesignation    or 

otherwise  . 

iii.  Additions  to  Membersliip 

(1)  By  Election  . 

(2)  By  Examination  . 

(3)  ]5y  Re-instatement 

iv.  Transfers 

(1)  By  Examination : 

yrow  Associates 
to  Fellows 

(2)  By  ExaniiiKition: 

from    Students 
io  Associates    . 

V.  Number    of    Jlembers 
in     each     class    on 
31  :\Iiirch  1918 

303 
8 

344 

11 

6 

231 

6 

10 

18 

:1 

896 
41 

295 

327 
2 
2 

215 
*  1 

18 

■:1 

855 
5 

295 

331 

216 

18 

860 

295 

331 
'"  1 

216 

1 

18 

860 

295 

332 

215 

18 

860 

There  are  also  156  candidates  admitted  as  Probationers,  and  70  as 
Students  conditionally  on  their  passing  Part  I  of  the  Examination.  These 
are  not  included  in  tlie  above  Schedule  of  iMembership.  The  numbers  in 
these  two  classes  since  31  March  1912  have  been  as  follows  : 


On  31  March  ;  Probationers 

Conditional 
Students 

1  On  31  March    Probationers 

Conditional 
Students 

1913  197 

1914  200 

1915  188 

55 
67 
72 

1916  1          172 

1917  173 

1918  156 

73 
67 
70 

The  Council  have,  with  great  regret,  to  report  the  loss  by  death,  since  the 
last  Annual  Meeting,  of  eiglit  Fellows,  Messrs.  H.  W.  Andras,  D.  A.  Bumsted, 
G.  D.  Doucet,  J.  Graham,  E.  A.  Newton,  W.  E.  Somerville,  G.  Todd,  and 

A.  H.  TurnbuU ;  seven  Associates,  3Iessrs.  F.  S.  Blake,  G.  A.  Brown, 
R.  A.  Craig,  G.  S.  Eielden,  J.  Hogg,  E.  Litchfield,  and  J.  J.  Stuckey  ; 
and  five  Students,  Messrs.  T.  N.  Askwith,  H.  J.  Hammond,  T.   Holgate, 

B.  Needell,  and   H.  Orrell.      Nine   of  these  ]\Iembers,    namely.   Captains 

F.  S.  Blake.  H.  J.  Hammond,  and  J.  Hogg,  Lieutenants  T.  iSI.  Askwith, 

G.  D.    Doucet,   and   G.    S.    Fielden,  Sergeant   B.    Xeedell,   and   Privates 
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T.  Holgate  and  H.  Orrell  have  fallen  in  the  service  of  their  King  and 
Country' ;  as  also  have  three  Probationers  of  the  Institute,  Captain  W.  E. 
Smith,  and  Lieutenants  AV.  Askham  and  S.  G.  Weatherdou.  The  Council 
have  sent  letters  of  sj-mpathj-  to  the  relatives  of  all  who  have  thus  sacrificed 
their  lives  in  the  nation's  cause. 

Messrs.  H.  W.  Andras  and  G.  Todd  had  both  filled  the  office  of  Vice- 
President,  and  had  for  many  years  been  ^Members  of  the  Council.  Mr. 
Todd  had  also  served  the  Institute  in  the  capacity  of  Joint  Honorary 
Secretary',  and  Mr.  Andras  rendered  valuable  assistance  for  many  years  as 
Joint  Honorary  Librarian. 

The  Annual  Subscriptions  and  the  Entrance  Fees  appearing  in  the 
Revenue  Account  amounted  to  £'1,376.  Os.  6d.,  as  compared  with 
£1,476.  6.9.  Od.  in  the  previous  year.  The  Income  and  Expenditure  for  the 
year  were  £1,812.  2s.  lid.  and  £1,609.  os.  2d.  respectively. 

The  number  of  Members  and  Probationers  on  the  roll  of  service  with 
the  Army  and  Xavy  has,  since  last  year,  increased  to  403.  The  Council 
have  to  deplore  the  loss  of  47  who  have  been  killed  in  action  or  died  of 
wounds. 

The  position  of  candidates  whose  preparation  for  the  Examinations  has 
been  affected  by  the  War  has  been  receiving  the  sympathetic  consideration 
of  the  Council,  and  with  the  view  of  giving  candidates  everj'  possible 
assistance,  having  regard  to  the  special  circumstances,  the  Council  have 
decided  for  the  present  to  revise  the  Syllabus  so  as  to  limit  the  amount 
of  the  necessary  reading;  to  request  the  Board  of  Examiners  to  afford 
some  guidance  as  to  such  reading  ;  and  to  hold  Examinations  more 
frequently  than  has  hithei-to  been  the  practice.  The  first  Examinations 
tinder  the  new  Sj-Uabus  will  be  held  as  soon  as  possible  after  the 
termination  of  the  War. 

The  revised  Regulations  and  Syllabus  of  Examinations  have  already 
been  published  in  the  April  Number  of  the  Joiirncd. 

Mr.  Arthur  James  Cook,  who  died  on  the  25  Februar}-  1917,  bequeathed 
to  the  Institute  a  share  in  the  ultimate  residue  of  his  estate  for  the 
furtherance  of  the  objects  of  the  G.  F.  Hardy  Memorial  Fund,  and  in 
remembrance  of  his  long  connection  with  the  Institute  as  an  Associate. 
An  intimation  has  been  received  to  the  effect  that  the  Memorial  Fund  thus 
benefits  to  the  extent  of  £135.  11*.  Zd.,  and  the  Council  desire  to  take  this 
opportunity  of  placing  on  record  their  appreciation  of  the  bequest. 

The  stock  in  hand  of  the  Institute  publications  on  31  Marcli  was  as 
follows  : 

Xo.  of  Copies  Description  of  Work 

28,825         ....  Parts  of  Journal. 

730         ....  Index  to  Vols.  1  to  40. 

1,708         ....         Text-Book,  Part  I  (Revised  Edition). 
491  ...  .  Text-Book,  Part  II  (Second  Edition). 

633  ....  Government  Joint-Life  Annuity  Tables. 

733  ...  .         Select  Life  Tables. 

33  ....         A  Short  Collection  of  Actuarial  Tables  (New 

Edition). 
922         ....         Frequency-Curves  and   Correlation  (W.  P. 

Elderton). 
172  ...  .  Ditto  ditto  ditto 

(Addendum  and  Errata). 
38  in  cloth        "^  f  Lectures  on   Finance  and  Law  (Clare  and 

2,314  in  paper      )   •         •      ^      Wood  Hill). 

[^Continued  on  i:)age  166.] 
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Revenue  Account  for  the 


1917. 

£      s. 

8,190    4 

421  5 
361  18 
767  15 

9,741     4 

792  15 

590    2 

157  10 

36     4 

1.576  11 
1     1 

1.577  12 

105  10 
1,472    2 


2     2 

0 

2    2 

0 

4    4 

0 

125  16 

3 

245    1 

1 

12  12 

9 

10  17 

2 

25  19 

6 

294  10 


1918. 

d.  Amount  of  Funds  at  the  beginning  of  the  year —  £  s.  d.        £ 
S           General  Fund  (including  Stock  of  Publications,  other 

than  Journal)        .......  8,045  3  7 

5  Messenger  Legacy  Fund        ......  433  18  2 

11            Brown  Prize  Fund 372  16  1 

9           G.  F.  Hardy  Memorial  Fund 793  15  3 

9 

Subscriptions — 

0           Fellows 751  16  0 

0           Associates 532  7  0 

0           Students 126  0  0 

6  Probationers 1326 

6  1,423  5  6 

0           Fines  on  Reinstatement         .         .         .         .         .         .  3  3  0 

6  1,426  8  6 

Less  Waived  and  returned  to  Members  and  Probationers 

6                           on  Naval  and  Military  Service         .         .         .  57  15  0 
T 

Entrance  Fees — 

Associates     .........  440 

Students 330 

Probationers 

Balance  of  Publications  Account  ..... 

Dividends  and  Interest  — 

General  Fund 295  14  4 

Messenger  Legacy  Fund        .         .         .         .         .         .  13  0  4 

Brown  Prize  Fund 11  3  8 

_          G.  F.  Hardy  Memorial  Fund 39  4  2 

6 


9,645  13     1 


1,368  13     6 


7     7     0 
76  19  11 


£11,637  17     6 


359     2     6 


£11,457  16    0 


Pullications  Account  for  the 


£    s.  d. 

297  15  7 

12    2  4 

125  16  3 

£435  14  2 


Stock  (excluding  Journal)  at  the  beginning  of  the  year 
Cost  of  Reprint  of  Text-Book,  Part  II      .         .         . 
Binding  and  Advertising  ...... 

Balance  ........ 


£  s. 

d. 

249  0 

2 

105  12 

8 

33  3 

4 

76  19 

11 

£464  16     1 


Balance  Sheet, 


£  s. 

8,045  3 

233  9 

200  9 


LIABILITIES. 


433  18 
200    0 
172  16 

2 
0 
1 

372  16 

767  15 

25  19 

1 

9 
6 

7  General  Fund     . 

2  Messenger  Legacy  Fund 

0  Accumulated  Dividends 


Brown  Prize  Fund 
Accumulated  Dividends 

G.  F.  Hardy  Memorial  Fund 
Accumulated  Dividends 


793  15     3 


17     6     2  Sundry  unpaid  Accounts 


£     *.    d. 


£      s. 

8,184  13 


.  233 
.  213 

9 
9 

2 

4 

.  200 
.  183 

0 
19 

0 
9 

767 
65 

15 
3 

9 

8 

446  18     6 


383  19     9 


832  19     5 


9,848  10  10 
20     5  H 


£9,662  19    3 


£9,868  16     9 
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(ear  ending  31  March  1918.  ®r. 

WV7.  1918^ 

£      s.  d.  Journal—  £      s.    d.         £      s.    d. 

220     9  5  Printing  of  Nos.  267,  268 260     3     4 

48    8  0  Editorial  Expenses 43     2     6 

268  17  5  303     5  10 

112  16  9  Less  Sales  during  the  year 102     5     2 

136     0  S  201     0     8 

19    8  6  Library — Binding,  Purcliases,  &c 25     8     3 

41  14  9  Meetings ....         25     6     4 

18  11  H  Legal  Charges 

600    0  0  Office  Expenditure— Rent 600     0     0 

488  17  2  Salaries 520     9     0 

66  19  3  House  expenses 49  17     2 

39  14  5  Fire  and  other  Insurance     .         .         .         30     7     2 

69    4  9  Stationery  and  Printing       .         .         .         78  17  11 

23  17  9  Postage  and  Telegrams         .         .         .         20     5     0 

11     7  10  Sundries 57  13     8 

1,300    1  2  1,357     9  11 

456     8    1  Loss  on  Sale  of  Stock  Exchange  Securities 

9,645  13  1  Amount  of  Funds  at  the  end  of  the  year  as  per  Balance  Sheet     .         .    9,848  10  10 


11,637  17     6 


Examined  and  found  correct,  25  April  1918. 
GEORGE  H.  LAWTON,    "^ 


E.  W.  HUMPHRY, 
STANLEY  HAZELL, 


Auditors. 


year  ending  31  March  1918. 


£11,457  16    0 


£      s.   d. 

186  14    0  Sales  (excluding  Journal)         .... 
249     0    2  Stock  (excluding  Journal)  at  the  end  of  tiie  year 


Examined  and  found  correct,  25  Ajxril  1918. 
GEORGE  H.  LAWTON,     "^ 


£435  14    2 


E.  W.  HUMPHRY, 
STANLEY  HAZELL, 


) 


Auditors. 


£  s.  d. 
140  16  11 
323  19     2 


£464  16     1 


31  March  1918. 


£ 

s. 

1,875 

0 

726 

o 

700 

0 

357 

15 

4,275 

0 

249 

0 

200 

0 

441 

16 

70 

7 

767  15 

£9,662  19 


d.  ASSETS. 

0  £3,000  Natal  3  per-cent  Inscribed  Stock 1 

0  £1,000  Dominion  of  Canada  3^  per-cent  Registered  1930-50  Stock 
0  £1,000  New  South  Wales  3i  p'er-cent  Inscribed  1930-50  Stock 
0  £600  Belgian  Government  3  per-cent  Sterling  Loan  of  1914 

0  £4,500  5  per-cent  War  Stock,  1929-47 

£400  National  War  Bonds,  4  per-cent,  1927     .... 

2  Stock  of  Publications  (excluding  Journal)  in  hand 
0  Cash  on  Deposit  Account  ....... 

4  Cash  on  Current  Account  and  in  hand        ..... 

0  Subscriptions  in  Arrear     ........ 

9  £810.  OS.  Sd.  5  per-cent  War  Stock,  1929-47— 4J^  per-cent  Converted— 

(G.  F.  Hardy  Fund) 

The  Stock  Exchange  Securities  are  taken  at  the  values  at  which  they  stood  on  31  March 
1916,  and  at  cost  price  in  the  case  of  any  acquired  since  that  date. 

Examined  and  found  correct,  25  April  1918. 
—  GEORGE  H.  LAWTON, 

3  E.  W.  HUMPHRY,  ^Auditors.  £9 
STANLEY  HAZELL, 


£  s.  d. 

,875  0  0 

726  5  0 

700  0  0 

357  15  0 

.275  0  0 

400  0  0 

323  19  2 

355  18  10 

87  3  0 

767  15  9 


868  16  9 
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No.  of  Copies 
1,526 

1,189 
703 

1,400 
884 

1,500 

315 

248 
654 
652 

138 

785 

1,500 

7  Mai/  1918. 


Description  of  Work 
Lectures   on    the   Companies    Acts    (A.   C. 

Clauson). 
Lectures  on  the  Law  of  Mortgage  (W.  G. 

Hayter). 
Lectures  on  the   Measurement   of   Groups 

and  Series  (A.  L.  Bowley). 
Lectures  on  the  Construction  of  Tables  of 

Mortality,  &c.  (Sir  G.  F.  Hardy,  K.C.B.)- 
Lectures  on  Stock  Exchange   Investments 

(J.  Burn). 
Lectures     on     Friendly    Society     Finance 

(Sir  A.  W.  WatsonV 
South  African  War  Mortality  (F.  Schooling 

and  E.  A.  Eusher). 
Life  Assurance  Law  (A.  R.  Barrand). 
British  Offices'  Valuation  Tables. 
British    Offices'    2f    per-cent     Temporary 

Annuity  Values. 
Transactions  of    the    Second    International 

Congress  of  Actuaries. 
Index    to    Transactions    of    Seven    Inter- 
national Actuarial  Congresses. 
Examination  Questions,  1912-15. 


PEOCEEDIXGS  AT  THE  ANNUAL   GENERAL   MEETING. 

The  Seventy-First  Annual  General  Meeting  of  the  Institute  o£ 
Actuaries  was  held  in  Staple  Inn  Hall,  Holborn,  on  Mouday,  4  June  1918, 
Mr.  Samuel  G.  Waenee  (the  President)  in  the  Chair. 

Mr.  J.  Douglas  Watson  (Honorary  Secretary),  read  the  notice 
convening  the  Meeting.  The  Minutes  of  the  preceding  General  Meeting 
were  read  and  confirmed  and  the  Report  and  Accounts  were  taken  as  read. 

The  Peesidext,  in  moving  the  adoption  of  the  Report  and  Accounts, 
said  that  there  was  not  much  iu  the  Report  to  which  special  attention  need 
be  drawn.  There  was  a  slight  decrease  in  the  number  of  members,  due  to 
the  present  conditions,  and  the  examinations  were  at  a  standstill.  There 
Avas,  he  regretted  to  saj^  a  long  obituary  list.  The  place  of  honour  on  that 
list,  should,  he  thought,  be  given  to  those  who  had  fallen  in  the  service  of 
their  country'.  As  they  would  have  seen  from  the  report  the  total  number 
connected  with  the  Institute  who  had  entered  military  service  was  403,  and 
of  those  47  had  fallen  on  the  field.  Five  had  suffered  that  fate  since  he 
last  addressed  the  Institute,  and  he  would  like  to  say  something  about  one 
of  them,  Mr.  H.  T.  Kay  Robinson.  Mr.  Robinson  became  a  Fellow  of  the 
Institute  by  examination  in  190-5,  joined  the  army  at  the  outbreak  of  war 
and  rose  to  the  rank  of  Lieut. -Colonel  and  was  awarded  the  Distinguished 
Service  Order  and  bar  for  conspicuous  gallantry  in  the  field.  This,  he 
thought,  was  a  record  of  which  the  Institute  should  be  proud.  And  the 
Institute  was  proud  of  all  who  had  made  this  supreme  sacrifice.  They  were 
too  3'ouug  to  have  gained  that  professional  distinction  of  which  manj'  of 
them  gave  promise,  but  they  had  attained  a  distinction  which  nothing  could 
take  from  them,  a  distinction  which  would  live  imperishably  in  the  memories 
of  their  kindred  and  their  friends. 

There  would  be  noticed  in  the  report  an  expression  of  regret  at  the  loss 
of  a  number  of  valued  members  of  the  profession.  Mr.  Henry  Walsingham 
Andras  was  well  known  to  all.  He  took  a  keen  interest  in  the  Institute, 
and  though  his  failing  health  prevented  him  in  recent  years  from  taking  an 
active  part  in  its  affairs  he  had  served  it  as  vice-president  and  librarian,  and 
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was  for  11'  years  a  member  of  tlie  Council.  Everj-bodj'  who  knew  him 
appreciated  the  geniality  of  his  character,  the  value  of  his  friendship  and 
his  service  to  the  Institute.  Following  in  a  brief  space  of  time  came  the 
death  of  Mr.  George  Todd.  His  actuarial  career  had  much  in  common  with 
that  of  ]Mr.  Andras.  They  were  contemporaries,  both  taking  a  great  interest 
in  the  Institute's  affairs,  and  held  in  high  esteem  by  its  members.  Mr. 
Todd  was  for  23  years  a  member  of  the  Council  and  for  four  years  honorary 
secretary.  The  remaining  two  losses  by  death  had  a  special,  and  what  might 
be  called  a  historic,  interest.  In  the  preamble  to  their  Charter  there  was  a 
reference  to  15  gentlemen  there  named,  of  whom  it  was  stated  that  "  being 
members  of  a  collective  body  established  in  the  year  1848  under  the  name 
of  the  Actuaries'  Club  and  exercising  the  calling  or  profession  of  actuary," 
they  '"are  desirous  of  becoming  entitled  to  such  privileges  as  may  arise  from 
the  incorporation  of  the  members  of  the  Institute  of  Actuaries  under  our 
Royal  Charter."  Those  fifteen  names  represent  what  might  be  called  the 
actuarial  profession  of  the  past  ;  and  by  the  deaths,  within  the  last  month 
or  two,  of  iMr.  Priestley  and  Mr.  Stevens  the  last  of  them  disappeared. 
A  link  with  the  past  was  thus  severed,  and  the  tribute  of  respectful  memory 
was  due  to  the  last  survivors  of  the  men  who,  in  long  bygone  daj'S,  did  the 
work  and  maintained  the  honour  of  the  profession. 

An  important  subject  which  required  a  few  words  of  notice  was  the 
question  of  examinations.  A  movement  which  had  been  on  foot  for  some 
little  time  among  members  of  the  Council  to  deal  with  this  subject  in  view 
of  the  immediate  future  after  the  war  had  during  the  present  year  taken  a 
practical  form,  and  the  revised  syllabus  approved  b}*  the  Council  was  now  in 
their  hands  in  the  current  number  of  the  Journal. 

This  had  been  decided  upon  by  the  Council  after  much  careful  con- 
sideration. Its  object  was  to  make  it  easier  for  those  of  their  members 
who  had  not  passed  all  the  examinations  necessary  for  the  Fellowship  when 
the\'  went  to  the  war  to  complete  their  curriculum  on  their  return  with  a 
minimum  exj^enditure  of  time  and  labour.  He  might  add  that  the  close 
attention  which  had  thus  been  given  to  the  general  subject  of  the  qualifying 
study  required  for  their  profession  might  have  a  value  beyond  its  immediate 
use,  and  that  some  of  the  simplifications  now  adopted  might  assume 
permanent  form. 

Another  subject  about  which  a  few  words  were  necessary  was  that  of  the 
recent  alterations  in  the  Institute's  bye-laws,  agreed  to  at  a  general  meeting 
held  at  the  Institute  a  week  or  two  previoush'.  The  object  of  these 
alterations  was  to  give  b}'  practical  means  a  properly  exercisable  freedom  of 
choice  to  the  members  in  the  annual  selection  of  new  members  of  Council,, 
and  it  was  hoped  that  this  power  would  be  freely  used. 

In  conclusion,  he  would  only  say  one  word  about  the  national  position 
in  which  they  found  themselves  that  day.  Each  year  since  the  war  began 
they  had  met  together  thus  in  the  hope  that  before  another  such  gathering 
took  place  it  would  have  ended  ;  and  each  succeeding  year  had  brought 
disappointment  of  that  hope.  To-day  the  conflict  still  raged,  and  the  out- 
look was  as  stern  as  at  any  time  since  its  outbreak. 

None  the  less,  their  resolution  remained  unbroken  and  their  faith 
unshaken.  As  a  part  of  a  great  nation,  engaged  in  a  branch  of  its  work 
which  they  knew  to  be  important,  they  would  go  forward  into  the  future 
sharing  to  the  full  the  national  spirit,  with  "  courage  never  to  submit  or 
yield  "  till  the  objects  in  view  had  been  attained. 

Mr.  E.  E.  Tilt,  in  seconding  the  motion,  said  that  on  looking  at  the 
prosaic  details  of  the  accounts  the  members  would  see  that  since  the  war 
there  had  been  a  reduction  in  subscriptions  by  £600,  owing  mainly  to 
subscriptions  having  been  remitted  by  the  Council  in  the  case  of  those 
members  taking  part  in  the  war.  On  the  other  hand  they  had  savings  in 
tutorial  and  examination  fees.  With  regard  to  the  issue  of  the  Journal, 
he  thou^cht  the  editors  ou^jht  to  be  congratulated  on  the  high  standard  of 
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that  publication  during  the  period  when  they  had  no  ordinary  sessional 
meetings  to  record,  and  he  thought  that  their  work  was  harder  than  it  had 
ever  been.     He  wislied  to  call  special  attention  to  that. 
The  motion  was  unanimously  agreed  to. 

Election   of   Officers. 

A  ballot  was  then  taken  for  the  election  of  the  President,  Vice- 
Presidents,  Council  and  Officers  for  the  ensuing  year;  and  the  Scrutineers 
subsequently  reported  tliat  the  following  Fellows  recommended  by  the 
■Council  had  been  elected  : 

President. 

Geoffrey  Marks,  O.B.E. 

Vice-Presidents. 

Ralph  Todhunter,  M.A.  |    Joseph  Bcrn,  C.B.E. 

Arthur  Digby  Besant,  B.A.        |    James  Douglas  Watsox. 


Council. 


Samuel  John  Henry  Wallis 

Allin,  C.B.E. 
Arthur  Digby  Besant,  B.A. 
Joseph  Burn,  C.B.E. 
Charles  Ronald  Vawdrey 

COUTTS. 

William  Palin  Elderton. 

Duncan  Cumming  Eraser,  M.A. 
*Lewis  Frederick  Hovil. 

Charles  William 
Kenchington. 

Owen  Kentish. 

Abraham  Levine,  M.A. 
*(teorge  James  Lidstone,  F.R.S.E. 

Geoffrey  Marks,  O.B.E. 
*Reginald  George  Maudling. 

Sir  George  Ernest  May,  K.B.E. 


Henry  Edward  Melville. 

William   Peyton  Phelps,  M.A. 

William  Charles  Sharman. 

John  Spencer. 

Edward  Robert  Straker. 

Alfred  Charles  Thorne. 

Ralph  Todhunter,  M.A. 
*Edward  William  Townley. 
*Haeold  Moltkb  Trounceb.M.A. 

Samuel  George  Warner. 

Sir  Alfred  William  Watson. 

James  Douglas  AVatson. 

Arthur  Thomas  Winter. 

Ernest  Woods. 

William  Arthur  Workman. 

Frank  Bertrand  Wyatt. 


Treasurer. 
AViLLiAM  Peyton  Phelps,  M.A. 

Honorary  Secretaries. 
Abraham  Levine,  M.A.  |        William  Palin  Elderton. 

*  New  Members  of  the  Council. 

Mr.  J.  C.  Wardrop  proposed,  and  Mr.  W.  G.  Titmuss  seconded,  the 
election  of  Messrs.  W.  Mouat  Jones,  E.  W.  Humphry,  and  Stanley 
Hazell  as  auditors  for  the  ensuing  year. 

The  motion  was  carried  unanimously. 

Mr.  J.  G.  Fraser  moved  that  a  vote  of  thanks  be  accorded  the  auditors 
for  their  work  during  the  past  year,  and  added  that  he  would  like  to  take 
that  opportunity  of  saying  that  as  one  of  the  distant  members  of  the 
Institute  he  greatly  appreciated  the  work  done  in  London  by  the  members 
in  the  difficult  task  of  carrying  on  the  work  of  the  Institute. 

Mr.  Tarn  seconded  the  motion,  and  it  was  carried. 

Mr.  H.  J.  Baker,  in  proposing  a  vote  of  thanks  to  the  President,  Vice- 
Presidents,  the  Council,  and  officers  for  their  services  during  the  past  year, 
said  that  the  Institute  was  to  be  congratulated  on  its  good  fortune  in 
having  Mr.  Warner  as  its  President  during  the  past  two  years.  The  Vice- 
Presidents,   Council,   and    officers    had   done   ver}-   useful    work    and   had 
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sacrificed  for  them  some  of  their  leisure  from  their  professional  duties. 
Mr.  Jarvis,  too,  had  accomplished  his  task  in  a  most  admirable  manner". 
The  affairs  of  the  Institute  had  in  a  time  of  great  difficult}'  been  carried  on 
in  a  manner  which  added  materially  to  its  national  usefulness  and  interest, 
and  the  least  they  could  do  for  those  who  had  borne  the  heat  and  burden  of 
the  daj'  was  to  accord  them  a  hearty  vote  of  thanks. 

Mr.  V.  Make,  in  seconding  the  vote  of  thanks,  added  his  testimony  of 
commendation  to  the  work  which  had  been  accomplished,  and  the  motion 
was  carried  witli  applause. 

Mr.  Warner,  in  acknowledging  the  vote  on  behalf  of  his  colleagues 
and  himself,  said  that  personally  he  had  found  great  happiness  in  tlie 
service  of  the  Institute  during  the  past  two  years.  To  have  filled  the 
highest  office  the  profession  had  to  offer  was  a  thing  to  be  marked  with  a 
white  stone  in  memory  for  the  j-ears  to  come.  He  was  ver^'  sensible  also 
of  all  the  help  he  had  received  during  the  period  from  the  members  of  the 
Council.  In  vacating  the  chair,  he  would  just  add  how  gladly  he  resigned 
it  to  so  old  a  friend  and  so  fit  a  President  as  Mr.  Geoffre}'  Marks.  Mr. 
Marks  had  rendered  good  service  to  his  profession,  to  the  business  of  life 
assurance,  and  to  the  needs  of  national  service.  In  his  hands  the}'  felt  sure 
that  the  interests  of  the  Institute  would  be  absolutely  safe,  and  in  him  they 
would  have  a  worthy  representative,  of  whom  they  might  be  proud. 

Mr.  Geoffrey  Marks  said  he  need  hardly  say  how  grateful  he  felt  at 
their  electing  him  to  the  highest  honour  which  members  of  the  profession 
could  possibly  achieve  in  the  world.  He  had  the  interests  of  the  Institute 
at  heart,  and  he  hoped  the  occasion  would  arise  when  he  would  be  able  to 
prove  to  them  that  whatever  he  had  done  in  the  past  was  but  an  earnest  of 
what  was  to  follow  for  the  well-being  of  the  Institute.  On  occasions  like 
these  it  was  usual  for  the  new  President  to  say  how  difficult  it  would  be  for 
him  to  do  as  much  as  the  ex- President  had  done,  and  he  thouglit  that  no 
one  could  say  that  with  more  force  than  he.  They  had  had  the  benefit  of 
Mr.  Warner's  guidance  for  the  past  two  years.  Mr.  Warner  had  added  a 
new  grace  and  charm  to  the  Presidential  office,  and  he  felt  that  he  could 
hardly  hope  to  live  up  to  the  ideal  which  he  had  set.  Before  he  sat  down, 
he  hoped  that  thej'  would  forgive  him  for  referring  to  a  personal  matter. 
He  found  that  by  an  accident,  which  for  him  was  a  ver}-  happy  one,  there 
were  on  the  Council  four  Fellows  who  at  one  part  of  their  career  and  for 
the  whole  of  his,  had  been  his  Assistant-Actuaries.  Not  onlj-  that,  but  one 
of  them  was  a  Vice-President  and  another  was  a  Honorary  Secretary. 
Those  four  Fellows  could  have  no  illusion  as  to  his  qualities  and  defects, 
and  he  knew  that  he  could  rely  on  them  for  the  loyal  help  which  they  had 
always  given  him  in  other  circumstances.  He  relied  on  the  help  of  the 
Council,  because  he  felt  that  in  these  days  they  must  stand  together  and 
consider  the  questions  which  would  come  before  them  in  a  spirit  of  good 
fellowship  and  solidarity. 

The  proceedings  then  terminated. 


Additions  to  the  Library. 

The  following  works  have  been  added  to  the  Library  since 
the  publication  of  the  Journal  for  October  1917  : 

By  whovi  presented 
(when  not  purchased). 
Actuaries,  Faculty  of. 

Transactions,  Vol.  VIII.  Tke  Faculty. 

"  Notes  on  Compound  Interest  Formulas  and 
Tables",  by  the  late  Sir  G.  F.  Hardv,  K.C.B. 
1918. 
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Actuarial  Society  of  America. 
Transactions,  1917-18. 
Containing,  inter  alia — 

"Tlie  War  Revenue  Act   of  3  October  1917,  as 

it   affects   Life    Insurance    Companies",   by 

E.  E.  Rhodes. 
"  The  effect  of  Glycosuria  and  of   Albuminuria  on 

Mortality ",  by   Dr.    Oscar   A.    Rogers   and 

A.  Hunter. 
"  Reinstatement  of  Policies  ",  by  R.  D.  Murphy. 
"  Observations  on  the  methods  and  publications  of 

the    United    States     Census     Bureau ",    by 

H.  H.  Wolfenden. 
"  Beneficial   and   Relief    Associations  :    Sickness, 

Accident   and    Death    Benefits    to   employees 

and  their  Dependents  ",  by  A.  Hunter. 
"  Mortality  Graphs",  by  H.  Moir. 
"  Graduation    by   Symmetrical    Coefiicients ",    by 

J.  R.  Larus,  Jr. 
"  Joint  Mortality  Experience  of   the  Aetna  Life 

and     Travellers'    Insurance     Conii)anies     on 

Group    Policies",    by    E.    E.    Camniack    and 

E.  B.  Morris. 
"Mortality  by  order  of   Birth  ",  by  P.  H.  Evans, 
"  Determination  of  Makeliam  Graduation  Constants 

by  means  of   E(iuivalent  Ages",  by  P.  C.  H. 

Papps. 
"An    Investigation    of    the    mortality    prevailing 

among  the  American  Clergy  in  its  relation  to 

other  Classes  of  the  Population  and  its  bearing 

on  a  new  Standard  Table  of  ^Mortality  ",  by 

W.  S.  Xichols. 
"Note   on   Double    Indemnity    Clauses    in    Life 

Insurance  Contracts  ",  by  W.  A.  Hutcheson. 

Actuarial  Society  of  New  South  Wales. 
Transactions,  1918. 

American  Mathematical  Society. 
Transactions,  1917-18. 

American  Statistical  Association. 
Transactions,  1917-18. 

Argentine  Republic. 


By  whom  presinttd 
(when  not  purchased). 

The  Society. 


The  Society. 


The  Society. 


The  Association. 


Boletin    de    la    Direccion    General   deEstadistica   y)     The  Department. 
Departamento  Provincial  del  Trabajo.    8vo.    1918.  ) 

Ball  (W.  W.  Rouse). 

A    short    account    of    the    History    of    Mathematics.  "^  Purchased 

6th  edit.     8vo.     1915.  ) 

Cantelli  (F.  P.). 

Snir    aumento     di     mortalita     dovuto     alia     gnerra.  ") 

Riflessioni    critische    di     metodologia     statistica.  ^  The  Author. 

Rome.     1917.  "  ^ 

Casualty  Actuarial  and  Statistical  Society  of  America. 

Proceedings,  1917-18.  The  Society. 
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By  whom  presented 
Ziehen  not  pxirchased). 


Purchased . 


Dr.  A.  Lindstedf. 


Central  Control  Board  (Liquor  Traffic). 

Alcohol.     Its   action   on   tbe    Human    System.      8vo. ) 
1918.  / 

Charlier  (C.  V.  L.). 

Uber  das  Fehlergesetz.     1905. 

Die  zweite  Form  des  FeLlergesetzes.     1905. 

ijber  die  Darstellung  willkurliclier  Funktionen.     1905. 

Welters  iiber  das  Fehlergesetz.     1908. 

Die  Strenge  Form  des  BernouUi'schen  Theorems.     1909. 

Contributions  to  the  Mathematical  Theory  of  Statistics. 

5.  Frequency  Curves   of  type  A   in    Heterograde 

Statistics.     6.  The  Correlation  Function  of  type  A. 

7.  Frequency    Curves    of    Compound    Functions. 

8.  On  Multiple  Correlation.     1914-15. 
The    Radiation    Law   applied   to   stellar   photometry. 

1915. 
Studies  in  Stellar  Statistics.     3  Parts.     4to.     1912-16.  ) 

Chartered  Insurance  Institute,  Journal  of  the 
Vol.  XX.     8vo.     1917. 

De  Morgan  (A.). 

A  Budget  of  Paradoxes.     Second  Edition  by  D.  Eugene  \ 
Smith.     2  vols.     Svo.     1915.  / 

Denmark. 

Beretning  fra  Forsikringsraadet,  1917.  "^ 

Statsanstalten        for       Livsforaikrings.        Den      9de  ^ 

femaarige  Risiko-Opgorelse.     Copenhagen.    1917.  j 

Downing  (E.  R.). 

The  Third  and  Fourth  Generation.     An  Introduction  | 
to  Heredity.     Svo.     Chicago.     1918.  ) 

Durell  (Col.  A.  J.  V.). 

The  Principles  and  Practice  of  the  System  of  Control ") 
over  Parliamentary  Grants.     8vo.     1917.  i 

Economic  Society  (Royal). 
Journal  of  the,  1917-18. 

Pisher  (A.). 

Note  on  the  Construction  of  Mortality  Tables  by  means  '\ 

of  Compound  Frequency  Curves.     Boston,   Us.%s.)- Dr.  F.L.  Hoffman. 
1917.  ) 


The  Institute. 


Purchased. 


The  Danish 
Government. 


Purchased. 


Purchased. 


Purchased. 


Hoffman  (Dr.  F.  L.). 

The    Malaria  Problem  in  Peace   and  War.     Newark,  "^ 
N.J.     1918.  i 

Holland. 

Archief  voor  de  Verzekerings-Wetenschap.     1917-18. 
Xationale     Leveusverzekering-Bank.        Verslag     over  "^ 
bet  jaar  1917.  ) 

Hnygens  (Christiaan). 

Du  Calcul  dans  les  Jeux  de  Hasard.  Redige  par  D.  J 
Korteweg.  Extrait  des  Oeuvres  completes 
Tome  XIV.     4to.     N.D. 


The  Author. 

The  Society. 
The  Comjfany. 

D.  J.  Korteweg. 
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Institute  of  Bankers. 

Journal  of  the,  1917-18. 


By  whom  iiresented 
{when  not  ptirchased). 

The  Institute. 


Insurance  Institute  of  New  South  "Wales. 
Transactions,  1916. 


The  Institute. 


Insurance  Institute  of  Toronto. 
Proceedings.  1917-18. 

Joffe  (S.  A.). 

Interpolation  Forraulse  and  Central  Difference  Notation.  "^ 
1917.  J 

Knibts  (G.  H.). 

Australian      Joint     Life      Tables,     1901-1910.      Svo.  ) 
Melbourne.     1917.  i 

Life  Offices'  Association. 

Minutes,    etc.,    of     the     Meetings     of     the    Standing ") 
Committee,  1917-18.  i 

London  Mathematical  Society. 
Proceedings,  1917-18. 


The  Institute. 


The  Author. 


The  Author. 


The  Association. 


The  Society. 


National  Health  Insurance. 

Eeport   on   the    Administration   of    National    Health"^     The  Government 

Insurance  during  the  years  1914-17.     Svo.     1917.  )  Actuari/. 

Reports  of  the  Medical  Research  Committee,  1915-18.  ) 

Svo.  j) 

*  Summary    of    the    Principal  Provisions    of  the  Act  of  "^       The  Government 


Purchased. 


1918. 

Nicholson  (J.  S.). 

War  Finance.     Svo.     1917. 


Actuary. 


Purchased . 


Parliamentary  Papers. 

Assurance    Comnanies.      Returns     to    the     Pioard    of  \ 
Trade.     1917.  J 

Censuses. 

1911.     England  and  Wales.     Vol.  XIII.     Fertility"^ 
of  Marriage.     Part  I.     Fol.     1917.  J 

Colonies. 
Canada. 

Report  of  the  Superintendent  of  Insurance  for  '\ 

the  year  1916.  ( 

Insurance  Companies.    Abstract  of  Statements  C 

for  the  year  1917.  ) 

New  South  Wales. 

Friendly  Societies,  etc.  Report  of  the  Registrar 

for  1917. 
Official  Year  Book,  1917. 
Statistical  Register  for  1916-17  and  previous 

years. 
Vital  Statistics.    Report  for  1917  and  previous 

vears. 


The  Board 
of  Trade. 

The  Eegistrar- 
General. 


The  Government 
Insurance  Dept. 


The  Government 
of  lY.S.  W. 
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Parliamentary  Papers — continued. 
Colonies — continued. 
New  Zealand. 

Friendly  Societies.     Forty-fii'st  Annual  Report 

of  the  Reo^istrar,  1917- 
Official  Year  Book,  1917. 
Statistics    of    the    Dominion    for    the    years 

1916-17. 
Results  of  a  Census  of  the  Dominion,  1916. 
Part  I — Population.      Appendices  A-D. 
Fol.     Wellington.     1918. 

Victoria. 

Friendly    Societies.        Thirty-ninth     Annual 

Report  of  the  Government  Statist,  1916. 
Twenty-seventh     Annual     Report     of     the 

Registrar,  1916. 

Western  Australia. 

Friendly   Societies.     Report   of    Proceedings 

by    the    Registrar   for    the   year   ended 

30  June  1917. 
Statistical    Register   for    1916    and    previous 

years. 
India. 

Life    Assurance    Companies.        Returns    of 

Companies    doing    business    in    British 

India,  1916.     Fol.     Simla.     1917. 

Registrar-General.     England. 

Seventy-ninth   Annual    Report  of   Births,  Deaths, 
and  Marriages,  1916. 

Pearson  { James). 

The  Elements  of  the  Calculus  of  Finite  Differences, 
created  on  the  method  of  Sej)aration  of  Symbols. 
8vo.     Cambridge.     1849. 

Periodicals. 

Accountants'  Magazine. 

American  Bankers'  Magazine. 

American  Economic  Review. 

Bankers'  Magazine. 

Economist. 

Insurance  Record. 

Journal  of  Political  Economy. 

Post  Magazine. 

Post  Magazine  Almanack. 

The  "  Secretary." 


By  whom  presented 
{v.-hen  not  purchased). 


(Chicago). 


TJie  Government 
of  N.Z. 


The  Government 
of  J'ictoria. 


The  Government 
of  W.A. 


H.G.W.Meille. 


The  Reciistrar- 
General. 


Purchased. 

Purchased. 
The  Editor. 
Purchased. 

The  Editor. 


I 

Ross  (Lt.-Col.  Sir  Ronald). 

An  application  of  the  Theory  of  Probabilities  to   the  ") 
study  of  Pathometry.     8vo.     1916.  i 

Royal  Astronomical  Society. 

Memoirs  of  the.     Vol.  LIII,  Part  III.     4to.     1918. 

Scandinavia. 

Skandinavisk  Aktuarietidskrift,  1918. 


Schooten  (Franz  van). 

Exercitationum  Mathematicarum, 

VOL.    LI. 


4to.     1657. 


Institute  of 
Secretaries. 


Purchased. 

The  Society. 

The  Editor. 

Purchased, 
O 
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"Scientific  Monthly." 

New  York.     April,  1917. 
Containing,  inter  alia — 

"  Thrift  from  the  Life  Insurance  view-point  ",  by 

K.  E.  Rittenliouse. 
"  Some  fallacies  of  Compulsory  Health  Insurance  ", 

by  Dr.  F.  L.  HofEman. 
"  Insnrance   as    a   basis   of  Social    Economy  ",  by 

H.  Fiske. 
"  Recent    developments    in    the    Life    Insurance 

field",  by  R.  L.  Cox. 
"  Life    Insurance    and    Life    Conservation ",    by 

E.  L.  Fisk. 
"  Life  Insurance  and  the  War  ",  by  S.  S.  Hnebner. 


By  wJiom  presented 
(ivhen  not  purchasetl). 

Purchased. 


Secrist  (H.). 

An  Introduction  to  Statistical  Methods. 
York.     1917. 


New  "( 


Purclmsed. 


Sellar  (A.  S.). 

Tables  for  computing  Income  Tax  at  6/-  in  the  £, 
showing  Income  Tax  and  also  net  amount  at 
one  inspection.     8vo.     1918. 

Spain. 

Conferencia  de  Seguros  Sociales,  21-31  October  1917. ") 
8vo.     Madrid.     1917.  ji 

Statistical  Society  (Royal). 

Journalof  the,  1917-18. 

Steff'ensen  (Dr.  J.  P.). 

On  certain  inequalities  between  mean  values,  and  their  '^ 
application  to  actuarial  problems.     1918.  ) 

Stirling  (James). 

The  Differential  Method;  or  a  Treatise  concerning"^ 
Summation  and  Interpolation  of  Infinite  Series.  > 
Translated  by  Francis  HoUiday.     4to.     1749-64.    ) 

Sweden. 

Enskilda  Forsakringsanstalter  ar  1916,  av  Kungl. ) 
Forsiikringsinspektionen.  ) 

Utjamning  av  sjutton  Svenska  Livforsiikringsbolags'j 
Dodlighetstabeller  for  Lakareundersokta  Livfor-  J- 
sakrade.     By  G.  Stoltz.     8vo.     Stockholm.    1917.  J 

Switzerland. 

Rapport  du  Brueau  Federal  des  Assurances  sur  les 
Entreprises  privees  en  matiere  d'  Assurances  en 
Suisse.     1915. 

United  States  of  America. 
Official  Publications. 

First   Annual   Report   on   Birth    Statistics  for  the 

Registration  Area  of  the  United  States,  1915. 

Annual  Report  of  the  Bureau  of  the  Census  on 

Mortality  Statistics,  1915. 
Connecticut. 

Fifty-third  Annual  Report  of  the  Insurance)  The  Commissioner. 
Commissioner,  1918.  ) 


The  Author. 


F.  Lopez- 
Valencia. 


The  Socieft/. 


The  Author. 


Purchased. 


The  Swedish 
Government. 

The  Author. 


The  Swiss 
Government. 


U.S  Census 
Bureau. 
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Htj  whom  presented 
(ivhen  not  purchased). 
United  States  of  America — con-iinued. 
Otficiiil  Publications — continued. 
Illinois. 

Report  of  Pension   Laws  Commission.     8vo. ")      D.  F.  CaDqfhell. 
1916.  i 

Massacliusetts. 

Sixty-second  Annual  Report  of  the  Insurance  "^ 

Commissioner  (Life  and  Miscellaneous),  >  The  Commissioner. 

1916.  ; 

New  .Jersey. 

Reports  of  the  Pension  and  Retirement  Fund")  ^     77.  r   tt  ^ 

Commission.      Newark,  N.J.      1917-1&. )  ■" 

New  York. 

Report  on  the   Pension  Funds  of  the  City  of  )      ^  t>    t>     i. 

XT       AT     1        ,-,        TTT      a  imo  .      Georqe  B.  Buck. 

New  York.     Part  IIL     8vo.     1918.  )  ^ 

Proceedinsfs  of  the  Conference  on  Social  Insurance,  "^  U.S.  Dept-  of 

5-9  December    1916.       Svo.       Washington.  >  Labour. 

1917.  ) 

Wicksell  (S.  D.), 

Some  Theorems   in   the   Theory  of   Probability,  with  ' 
special  reference  to  their  importance  in  the  Theory 
of  Homograde  Correlation.     1916. 
On  Logarithmic  Correlation,  with  an  application  to  the 

distribution  of  ages  at  first  marriage.     1917.  V  x*/'.  A.  Lindsledt. 

On  the  Genetic  Theory  of  Frequency.     1917. 
On  the  Correlation  of  Acting  Probabilities.     1918. 
Tlie  Correlation  Function  of  type  A,  and  the  Regression 
of  its  characteristics.     4to.     1917. 

Withers  (H.). 

The  Business  of  Fiuance.     Svo.     1918.  Purchased, 


NEW   BYE-LAAVS. 


At  a  Special  General  Meeting  of  the  Fellows  and  Associates 
of  the  Institute  of  Actuaries,  held  on  23  May  1918,  it  was 
moved  that  certain  alterations  be  made  in  the  Bye-Laws. 
The  motion  was  adopted  by  the  Meeting,  and  the  resolutions 
were  duly  confirmed  at  a  further  Special  General  Meeting, 
held  on  17  June  1918. 

The  proposed  amendments,  as  follows,  have  noAv  received 
the  sanction  of  the  Privy  Council  : 

AT  THE   COUNCIL  CHAMBER,  WHITEHALL, 

The  28  June  1918. 

By    the    Lords    of    His    Majesty's    Most    Honourable 
Privy  Council. 

VV  HEREAS  the  Institute  of  Actuaries,  in  exerci.se  of  the  powers 
ill  that  behalf  conferred  on  it  by  the  Charter  of  the  said  Institute, 
did,  by  Kesolution  of  a  General  Meeting  of  the  Fellows  and   Asso- 
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ciates  of  the  said  Institute,  duly  confirmed  at  a  subsequent  General 
Meeting  of  the  said  Fellows  and  Associates,  amend  certain  of  the 
Bye-Laws  of  the  said  Institute,  and  did  rescind  certain  others  of 
the  said  Bye-Law^s  and  make  others  in  their  stead  : 

And  whereas  the  said  amended  and  substituted  Bye-Laws 
have  in  compliance  with  Article  45  of  the  Charter  been  submitted 
to  the  Lords  of  the  Council  : 

Now,  THEREFORE,  Their  Lordships,  having  taken  the  said 
Bye-laws  (a  copy  Avhereof  is  hereunto  annexed)  into  considera- 
tion, are  pleased  to  allow  the  same. 

Aimer k  Fitzlioij. 

Bye-Laws  referred  to  in  the  foregoing  Order. 

At  a  Special  General  Meeting  of  the  Fellows  and  Associates 
of  the  Institute  of  Actuaries,  duly  convened  and  held  at  Staple  Inn 
Hall,  on  Thursday,  the  23  May  1918,  and  at  a  subsequent  Special 
General  Meeting  of  the  said  Fellows  and  Associates,  also  duly 
convened  and  held  at  the  same  place,  on  Monday,  the  17  June 
1918,  the  following  portions  of  Bye-Laws  30,  32,  34,  and  35  were 
rescinded,  namely  : 

30.  The  portion  comprising  the  words  shall  he  elected 
'''' every  year  at  the  Animal  General  Meeting  from  the  Fellows  of 
"  the  Institute.     He  " 

32.  The  portion  comprising  the  words  "  ami  shall  be  elected 
"  every  year  at  the  Annual  General  Meeting  from  the  Fellows  of 
"  the  Institute." 

34.  The  portion  comprising  the  words  shall  he  elected 
"  every  year  at  the  Annual  General  Meeting  from  the  FeUoivs  of 
"  tJie  Institute.     He  " 

35.  The  portion  comprising  the  w^ords  shall  he  elected 
"  every  year  at  the  Annual  General  Meeting  from  the  Fellmcs  of 
"  Ihe  Institute.     They"  ; 

and  Bye-Laws  4,  5  and  73  were  also  rescinded,  and  in  substitution 
thereof  the  following  Bye-Laws,  to  be  numbered  respectively  4,  5 
and  73,  were  duly  made,  passed  and  confirmed,  namely  : 

"  4.  (a)  The  President,  the  four  Vice-President.s,  the 
"  Treasurer  and  the  Honorary  Secretaries  shall  go  out  of  office 
"  as  such  at  the  close  of  the  Annual  General  Meeting  of  the 
"  year  for  which  they  were  elected,  and,  except  as  provided 
"  by  Bye-Laws  30,  32,  34  and  35,  shall  be  eligible  for  re-election. 

"  {h)  The  Council  shall,  at  a  Council  Meeting  to  be  held 
"  not  less  than  fifty  days  before  the  Annual  General  ^Meeting 
''  in  each  year,  elect  from  the  then  ^lembers  of  the  Council 
"  the  President,  the  four  Vice-Presidents,  the  Treasurer  and 
'■  the  Honorary  Secretaries  for  the  ensuing  year.  Such  election 
"  shall  be  conducted  in  such  manner  as  the  Council  may,  from 
"  time  to  time,  prescribe." 
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"  o.  (a)  At  every  Annual  General  Meeting  five  Members  of 
the  Council  (which  number  shall  include  any  ceasing  to  hokl 
office  as  Members  of  the  Council  under  Bye-Law  7)  shall  I'etire 
and  five  FelloAvs  shall  be  elected  in  manner  hereinafter 
provided  to  fill  the  vacancies  so  arising.  The  Members  so 
to  retire  (apart  from  any  ceasing  to  hold  office  as  Members 
of  the  Council  under  Bye-Law  7)  shall  be  chosen  by  the 
Council  at  a  Meeting  to  be  held  not  less  than  fifty  days  before 
such  Annual  General  Meeting,  and  the  Members  so  chosen 
shall  not  be  eligible  for  re-election  before  the  Annual  General 
Meeting  next  following  that  at  which  they  go  out  of  office, 
but  any  Members  ceasing  to  hold  office  as  Members  of  the 
Council  under  Bye-Law  7  shall  be  eligible  for  re-election. 

"  (b)  The  Council  shall,  not  less  than  forty  days  before  each 
Annual  General  Meeting,  send  to  each  Fellow  and  Associate, 
at  his  usual  or  last  known  address,  a  list  containing  the 
names  of  those  Members  of  the  Council  who  will  retire  under 
Section  A  of  this  Bye-Law  and  under  Bye-Law  7,  distinguishing 
those  eligible  and  those  not  eligible  for  re-election. 

"  (c)  The  Fellows  and  Associates  shall  be  entitled  to  nomi- 
nate any  Fellow  or  Fellows  for  election  to  the  vacancies  in 
the  Council  arising  by  retirement  under  Section  A  of  thi.s 
Bye-Law,  or  under  Bye-Law  7  or  otherwise,  but  no  nomination 
shall  be  valid  unless  it  be  signed  by  not  less  than  seven 
Fellows  or  Associates  (of  whom  not  fewer  than  four  shall  be 
Fellows)  and  lodged  at  the  Offices  of  the  Institute  not  less 
than  twenty-one  days  before  the  date  of  the  Annual  General 
Meeting. 

(d)  If  sufficient  nominations  to  fill  up  all  the  vacancies 
in  the  Council,  arising  as  aforesaid,  are  not  so  lodged  the 
Council  shall  nominate  a  Fellow  or  Fellows  to  fill  up  any 
remaining  vacancies. 

"  (e)  The  Council  shall,  not  less  than  seven  days  before 
each  Annual  General  Meeting,  send  to  each  Fellow  and 
Associate,  at  his  usual  or  last  known  address  : 

"  {a)  A  list  containing  the  names  of  those  Fellows  elected 
"  under  Bye-Law  4  to  the  offices  above  mentioned, 
"  and 

'  (J)  A  list  containing  the  names  of  the  Fellows  duly 
nominated  as  aforesaid  to  fill  the  vacancies  in  the  Council 
arising  as  aforesaid. 

(f)  If  the  names  in  the  last-mentioned  list  shall  exceed 
the  number  of  vacancies  as  aforesaid  such  list  shall  be  the 
'  balloting  list  for  the  election  at  the  Annual  General  Meeting 
'  of  Fellows  to  fill  the  vacancies  in  the  Council,  and  at  such 
Meeting  each  Fellow  and  Associate  may  vote  for  as  many 
candidates  as  there  are  vacancies  to  be  filled,  and,  if  he  shall 
vote  for  more  candidates  than  there  are  vacancies  to  l^e 
filled,  his  balloting  paper  shall  be  rejected  by  the  Scrutineers. 
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"  (g)  The  Scrutineers  shall  be  two  or  more  in  number  to  be 

chosen    previous   to    the   balloting   for    election    from    those 

present  by   those    present   at   the    Meeting,    and   they   shall 

"  receive  the  votes  and  report  the  result  of  their  scrutiny  to 

'  the  Chairman  before  the  close  of  the  Meeting." 

'  73.  At  the  Annual  General  Meeting  there  shall  be  elected 
in  manner  provided  by  the  Bj^e-Laws  the  Members  to  fill  the 
vacancies  in  the  Council  arising  under  section  A  of  Bye-Law  5 
or  under  Bye-Law  7  or  otherwise,  and  the  Auditors  for  the 
ensuing  year." 

The  Common  Seal  of  the  Listitute  of  Actuaries  was 
hereunto  affixed  by  order  of  the  Council  this 
17  June  1918,  in  the  presence  of 

Geoffrey  Marks,  President. 
A.  Levine,  Joint  Hon.  Secretary. 

Members  of  the  Council. 


COURSE   OF   READING 

recommended  by  the  Board  of  Examiners  for  the  guidance  of 
Students  in  connection  with  the  revised  Examination  Syllabus 
(see  p.  72  of  the  present  volume  of  the  Journal). 


The  latest  editions  of  Text-Boohs  are  referred  to  in  each  case. 
The  references  to  Transactions  of  Actuarial  Societies  have 
heen  restricted  with  the  object  of  directing  special  attention  to 
particular  phases  of  the  sidjjects.  The  Board  accept  no  responsi- 
hility  for  any  opinions  expressed  in  the  papers  recommended  or 
ill  the  discussions  following  the  jpapers,  lohich  should  also  he 
studied. 

Questions  in  Parts  III  a^id  IV  ivill  he  as  far  as  possible  of 
a  practical  nature,  involving  the  application  of  the  principles 
discussed  in  the  suggested  course  of  reading,  and  candidates 
should  also  he  familiar  with  current  actuarial  and  insurance 
topics. 


PAET   I. 

Section  A. 


H.     S.     Hall     and     S.     R.     Knight:     "Higher     Algebra/^ 
(Macmillan  &  Co.). 
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No  qjiestions  iviJl  he  set  on  Interest  and  Annuities,  Advanced 
Convergency  and  Divergency  of  Series,  Continued  Fractions, 
Indeterminate  Equations  of  the  Second  Degree,  Theory  of 
Numbers,  Inverse  Prohahilities,  Determinants,  Elimination,  or 
Cnhic  and  Biquadratic  Equations. 

J.  Burn  and  E.  H.  Brown  :  "  Elements  of  Finite  Differences  ", 
Part  I.     (C.  &  E.  Layton). 

Institute  Text-Booh,  Part  II,  chapters  xxii,  xxiii,  and  xxiv, 
sections  1-20. 

J.     Edwards :      "  Differential      Calculus      for      Beginners." 
(Macmillan  &  Co.). 

Chapters  1-7  and  13,  omitting  Trigonometrical  references. 

J.  Edwards  :  "  Integral  Calculus  for  Beginners."    (Macmillan 
and  Co.). 

Chapters  1-6  and  the  general  propositions  in  Chapter  8, 
omitting  Trigonometrical  references. 

Institute  Text-Booh,  Part  I,  chapter  ix. 

J. LA.,  vol.  xl,  p.  116,  section  1    (W.  P.  Elderton)  ;    vol.  xliv, 
p.  402,  sections  1-5  (G.  J.  Lidstone  and  S.  E.  Macnaghten). 

Section  B. 

Institute  Text-Booh,  Part  I   (excluding  chapters    ix   and  x). 


PART  II. 


Institute    Text-Booh,    Part    II    (excluding    chapters    xix,   xx, 

xxii,  xxiii,  and  xxiv,  sections  1-20) . 
J.I.A.,   vol.    xxii,  p.  407   (T.  B.  Sprague)  ;     vol.   xl,    p.    302 

(Actuarial  Note,  No.  3) ;  vol.  xli,  p.  97  (C  J.  Lidstone)  ; 

vol.    xliii,    p.    99    (W.  P.  Elderton);    vol.    xliv,    p.    402 

(G.  J.  Lidstone  and  S.  E.  Macnaghten). 
Transactions   of   the    Faculty    of    Actuaries,    vol.    v,    p.    130 

(W.  Borland). 

PART  III. 

Section  A. 

W.  P.  Elderton  and  Pt.   C.  Fippard  :  "  The  Construction  of 
Mortality  and  Sickness  Tables."     (A.  &  C.  Black). 
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Supplement  to  the  75th  Annual  Report  of  the  Registrar- 
General,  Part  \,  Life  Tables  (Cd.  7512,  1914).  (The 
review  of  this  Report,  J. I. A.,  vol.  xlix,  p.  96,  might  con- 
veniently be  read  as  an  introduction  to  it.) 

Sir  George  F.  Hardy  :  "The  Theory  of  the  Construction  of 
Tables  of  Mortality,  &c.  ",  chapters  i  and  ii.  (C.  &  E. 
Lay  ton). 

J.T.A.,  vol.  xxi,  p.  406  (T.  B.  Sprague)  ;  vol.  xxvi,  p.  77 
(T.  B.  Sprague)  ;  vol.  xxxii,  p.  371  (Sir  G.  F.  Hardy)  ; 
vol.  xxxviii,  p.  11  (G.  J.  Lidstone);  vol.  xxxviii,  p.  501 
(Sir  G.  F.  Hardy) ;  vol.  xli,  p.  348  (G.  J.  Lidstone)  ; 
vol.  xlvii,  p.  548  (Extract  from  Cd.  6907,  1913). 

Journal  of  the  Students'  Society,  vol.  i,  No.  3,  p.  43.  (Editorial) ; 
vol.  i,  No.  2,  p.  44  (W.  P.  Elderton). 

Section  B. 

Students  should,  if  j^ossihle,  study  some  system  of  Valuation 
in  actual  use,  and  should  possess  a  general  knoicledge  of  current 
financial  conditions. 

J.T.A.,  vol.  xxxvii,  p.  57*  (S.  G.  Warner) ;  vol.  xxxvii,  p.  453* 
(G.  King)  ;  vol.  xxxviii,  p.  1  (G.  J.  Lidstone)  ;  vol.  xxxviii, 
p.  69*  (Sir  G.  H.  Ryan);  vol.  xxxviii,  p.  385*  (D.  C. 
Eraser);  vol.  xl,  p.  122  (D.  C.  Eraser)  ;  vol.  xli,  p.  18* 
(J.  Buchanan)  ;  vol.  xlii,  p.  145  (G.  King)  ;  vol.  xlii,  p.  161 
(C.  R.  Y.  Coutts)  ;  vol.  xlii,  p.  409  (G.  J.  Lidstone) ; 
vol.  xliv,  p.  261  (G.  J.  Lidstone;;  vol.  xlviii,  p.  1  (W.  P. 
Elderton)  ;  vol.  xlviii,  p.  121  (A.  E.  King)  ;  vol.  1,  p.  231 
(P.  H.  McCormack). 

Transactions  of  the  Faculty  of  Actuaries,  vol.  vi,  p.  93 
(A.  Eraser). 

Journal  of  the  Students'  Society, Special  Number  on"  Valuation 
of  Liabilities  and  Distribution  of  Surplus",  vol.  i.  No.  2, 
p.  24  (E.  A.  Woodall)  and  p.  31  (R.  C.  Fippard) ;  vol.  i, 
No.  4,  p.  5  (R.  C.  Simmonds). 

Schedules  IV  and  V  of  the  Assurance  Companies  Act,  1909, 
and  the  Returns  relating  to  Life  and  Employers'  Liability 
business  to  the  Board  of  Trade  under  that  Act. 

*  These  papers,  in  conjunction  with  Returns  to  tlie  Board  of  Trade,  should 
be  studied  in  the  first  instance. 
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PART   IV. 

Section  A. 

Students  should  po.ssess  a  general  knoidedge  of  current 
financial  conditions,  esiiecialhj  as  affecting  TriLstee  and  gilt- 
edged  securities. 

(1)  General  provisions  of  the  Acts  relating  to  Life  Assurance 

Companies,  &c,  : 

Assurance  Companies  Act,  1909. 

J.I. A.,  vol.  xliv,  p.  462  ;  vol.  xlv,  p.  257  (A.  E.  Barrand). 

Friendly  Societies  Acts,  1896  and  1908,  and  Collecting 
Societies  and  Industrial  Assurance  Companies 
Act,  1896  (actuarial  and  financial  aspects  only). 

Legal  Kotes  in  J. I. A.,  on  the  above  Acts. 

Bunyon  on  the  LaAV  of  Life  Assurance  (Fifth  Edition), 
chapters  vi-x.     (C.  &  E.  Layton). 

(2)  Life  Literests  and  Reversions,  &c.  : 

Institute  Text-Book,  Part  II,  chapter  xix. 

J.I. A.,  vol.  xxvii,  p.  107  {T.  B.  Sprague)  ;  vol.  xxxvi, 
p.  81  (correspondence  with  Inland  Revenue)  ;  vol.xl, 
p.  317  (C.  11.  V.  Coutts);  vol.  xlvi,  p.  406  (G.  J. 
Lidstone). 

Transactions  of  the  Faculty  of  Actuaries,  vol.  i, 
p.  79  (N.  Campbell)  ;  vol.  iii,  p.  201  (A.  E.  Sprague). 

Journal  of  the  Students'  Society,  vol.  i.  No.  4,  p.  50 
(Editorial)  and  No.  5,  p.  24  (Editorial). 

Section  B. 

Students  should,  if  iwssihle,  study  the  practice  of  O^ces  with 
regard  to  the  subjects  in  this  section,  including  some  system  of 
Life  Assurance  Book-keeping  in  actual  use,  and  forms  of  Returns 
to  the  Board  of  Trade. 

(1)  Law  relating  to  Life  Assurance  Contracts: 

Bunyon  on  the  Law  of  Life  Assurance  (Fifth  Edition), 
chapters  i  to  v,  and  chapter  xi  to  end.  (C.  &  E. 
Layton). 

VOL.   LI.  P 
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J.I. A,  vol.  xxxiii,  p.  205  (A.  R.  Barrand)  ;  vol.  xxxiii,  p.  373 
(T.  13.  Sprague)  ;  vol.  xxxv,  p.  371  (G.  J.  Lidstone) ; 
vol.  xli,  p.  109  (A.  R.  Barrand). 

Legal  Notes  in  J.I. A.,  vol.  xli,  p.  409,  et  seq. 

Transactions  of  tlio  Faculty  of  Actuaries,  vol.  ii,  p.  343 
(A.  E.  Sprague). 

(2)  Life  Assurance  Accounts,  &c.  : 

A.  E.  Sprague  :  "  Insurance  Companies^  Accounts." 
(C.  &  E.  Lay  ton). 

Journal  of  the  Students'  Society,  vol.  i,  No.  1,  p.  36 
(S.  E.  Macnaghten)  ;  vol.  i.  No.  5,  p.  22  (Editorial). 

Income  Tax  Act,  1918: 

Sections  32,  33  and  46. 

Schedule  D,  Cases  I  and  II,  Rule  15 ;  Case  III, 
Rule  3 ;  Case  IV,  Rules  1  and  2 ;  Case  V, 
Rules  1,  2  and  3. 

General  Rules  applicable  to  Schedules  X,  B,  C, 
DandE:  Nos.  19  and  21. 

(3)  Office  Premiums,  &c. : 

Transactions  of  the  Faculcy  of  Actuaries,  vol.  ii,  p.  207 
(H.  Moir). 

Insurance  Guide  and  Handbook,  vol.  i,  chapters  v  and 
vi.      (C.  &  E.  Laytou). 

(4)  Extra  Premiums : 

Journal  of  the  Students'  Society,  Special  Number  on 
"  Extra  Risks." 

Section  C. 

Students  are  expected  to   he,  familiar  xoith    the   principal 
provisions  of  the  National  Health  Insurance  Acts. 

(1)  Friendly  Societies,  &c.  : 

J.I  A.,  vol.  xxvii,  p.  245  (Sir  G.  F.  Hardy). 

Sir  A.  W.  Watson  :  "  Lectures  on  Friendly  Societies." 
(C.  &E.  Layton). 
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Sir  A.  W,  Watson  :  "  Account  of  an  Investigation  of  the 
Sickness  and  Mortality  Expei-ience  of  the  I.O.O.F. 
Manchester  Unity,  1893-1897/^     (C.  &  E.  Layton). 

Journal  of  the  Students'  Society,  vol.  i,  No.  5,  p.  7 
(R.  C.  Siuimonds),  and  p.  18  (Editorial). 

(2)  National  Health  Insurance  : 

Actuaries'  Report  on  the  Schemes  embodied  in  the 
National  Insurance  Bill,  1911  (J.LA.,  vol.  xlv,  p.  406). 

*  Reports  on  the  Administration  of  National  Health 
Insurance  (1912-13,  Cd.  6907,  pp.  16-35  and  552- 
601 ;  1913-14,  Cd.  7496,  pp.  29-64  ;  1914-17,  Cd. 
8890,  pp.  7-15).     Review,  J.LA.,  vol.  xlviii,  p.  109. 

■^Reports  of  the  Departmental  Committee  on  Approved 
Society  Finance  and  Administration  (Cd.  8251, 
Cd.  8396,  Cd.  8451).  Reviews,  J.LA.,  vol.  1,  pp.  99 
and  221. 

(3)  Statistics  : 

W.  P.  and  E.  M.  Elderton  :  "Primer  of  Statistics." 
(A.  &  C.  Black). 

^Supplement  to  the  65th  Annual  Report  of  the  Registrar- 
General.     Review,  J.L.A.,  vol.  xliii,  p.  230. 

Report  on  the  Administration  of  National  Health 
Insurance,  1912-13,  Cd.  6907,  pp.  552-601. 

Transactions  of  the  Faculty  of  Actuaries,  vol.  v,  p.  1 
(J.  C.  Dunlop)  ;  vol.  vii,  p.  357  (J.  C.  Duulop  and 
R.  M.  Hunter). 

*  The  Reviews  of  these  Reports  might  coiiveuieutly  be  read  as  introductions 
to  them. 


Frederick  George  Goodyear,  M.C,  Probationer  of  the  Institute, 
2nd  Lieutenant,  London  Regiment. 

Died  of  Womuh  9  December  1917. 

Edward   Maddison   Dove,  M.C,  Probationer  of   the  Institute, 
Lieutenant,  8th  Battalion  East  Surrey  Regiment. 
Killed  in  Action  23  March  1918. 
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PIuuH  Thomas  Kay  Robinson,  D.S.O.  with  Bar,  Fellow  of  the 
Institute,  Lieut. -Colonel,  lioyal  Sussex  Regiment. 

Killed  in  Action  26  Airril  1918. 

Alan  Davidson  Steed,  Probationer  of  the  Institute,  Private, 
15tli  London  Rifles  (Queen's  Westminsters). 

Killed  in  Action  30  April  1918. 

George  Leslie  Lewis  Carter,  Student  of  the  Institute,  Xa\al 
Instructor,  Royal  Naval  College,  Dartmouth. 

Died  on  Service  29  July  1918. 

Edwin  Charles  Kaye  Clarke,  M.C,  Probationer  of  the  Institute, 
Captain,  London  Regiment. 

Killed  in  Action  31  August  1918. 

Henry  Batten  Keable,  Associate  of  the  Institute,  Lieut., 
R.N.V.R.,  H.M.S.  "Manxman." 

Died  on  Service  11  September  1918. 

Arthur  Skelton  Gregory,  Probationer  of  the  Institute,  2nd 
Lieutenant,  6th  Battalion  Loyal  North  Lancashire  Regiment 
(attached  2nd  Batt.  East  Lanes.). 

Killed  in  Action  21  Septcmher  1918. 
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Opening  Address  hij  the  President,  Geoffrey  Maeks^  Esq.,  O.B.E. 

[Delivered  16  December  1918.] 

VjENTLEMEN, — It  is  customary  on  these  occasions  to  refer 
briefly  to  those  Fellows  of  the  Institute  Avho  have  died  since 
the  last  Presidential  address.  In  the  ordinary  course  of 
nature  there  have  gone  Mr.  Chas.  Stevens  and  Mr.  J.  Gr. 
Priestley,  the  last  surviving  members  of  the  Actuaries'  Club 
who  became  Fellows  under  the  Charter.  They  had  attained 
great  ages — one  rather  less  and  one  rather  more  than  90 — and 
their  names  recall  little  to  us  of  this  generation  except  a 
tradition  of  courtliness  and  general  culture  which  were 
attractive  features  of  the  older  generation  to  which  they 
belonged.  Two  other  Fellows,  Mr.  James  Grraham  and 
Mr.  W.  F.  Somerville,  spent  their  professional  lives  largely 
outside  our  immediate  circle,  the  one  in  Australia  and  the 
other  in  the  North  of  England.  They  were  therefore  little 
known  to  us  in  London,  but  they  were  both  loyal  members  of 
our  body  so  far  as  their  opportunities  allowed  them  to  give 
proof  of  it.  Mr.  H.  W.  Andras  and  Mr.  Geo.  Todd,  on  the 
other  hand,  were  closely  identified  with  us  and  with  our  work 
throughout  their  careers.  They  had  both  filled  almost  every 
one  of  our  high  offices,  and  their  careers  and  characters  showed 
much  in  common,  especially  a  personal  charm  and  genius  for 
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friendship,  which  will  ensure  their  being  held  in  continued 
and  affectionate  remembrance.  A  feAv  weeks  ago  all  who 
knew  him  here  and  at  the  Actuaries'  Club  w^ere  saddened  by 
the  announcement  of  Yyvyan  Marr's  sudden  death.  He  too 
was  one  of  our  most  loyal  sons,  always  ready  to  devote  to  the 
service  of  the  Institute  abilities  which  had  gained  for  him  a 
considerable  reputation  in  connection  with  pension-fund  work, 
that  difficult  branch  of  our  activities  which  chiefly  appealed 
to  him. 

In  our  War  record  Ave  may  properly  feel  and  express  a 
pride  mingled  with  regret.  According  to  the  latest  returns 
424  of  our  members,  a  very  large  proportion  of  our  total 
number,  have  enlisted  or  been  mobilized.  Of  these  51  have 
been  killed  in  action,  10  have  died  of  wounds,  and  6  from 
other  causes  while  on  active  service.  With  all  others  who 
have  served  and  died  for  their  country  they  will  always  be 
held  in  grateful  remembrance.     Honour  and  Peace  to  them  ! 

Many  of  our  members  have  won  distinctions  in  the  War, 
but  I  think  that  without  being  invidious  I  may  mention 
especially  two,  both  Fellows — one  a  soldier  and  the  other  a 
sailor — H.  T.  Kay  Robinson,  who  unhappily  is  dead,  and 
W.  R.  Ashton,  whom,  having  regard  to  the  nature  of  his 
services,  we  may  well  congratulate  on  being  alive.  Robinson 
at  the  time  of  his  death  had  attained  the  rank  of  Lieut. - 
Colonel.  He  won  his  first  D.S.O.  for  gallantry  at  the 
Schwaben  Redoubt,  a  bar  to  it  for  "  fine  leadership  and 
courage "  at  "  Tower  Hamlets,"  while  a  second  bar  was 
awarded  to  him  after  his  death.  His  Brigadier  Avrote  of  him 
that  he  was  a  "born  leader  of  men  and  quite  fearless  in 
action,"  while  one  of  his  officers  describes  him  as  "the 
bravest  man  I  have  ever  met."  If  there  is  any  consolation 
for  the  death  of  a  man  so  gallant  and  so  honoured  it  lies  in 
such  tributes  as  these. 

We  have  read  recently  something  of  the  work  of  the 
"  Q  "  boats  and  of  the  cool  resource,  the  calm  and  sustained 
courage  of  those  who  manned  them.  There  is  no  more  noble 
record  of  bravery  or  endurance  in  the  annals  even  of  the 
Xavy.  Ashton  is  one  of  those  who  have  earned  undying 
fame  in  this  perilous  work.  He  was  a  member  of  the  R.N.V.R. 
before  the  War  and  was  mobilized  in  1914,  but  did  not  begin 
his  "  Q  "  ship  career  until  1917.  In  the  course  of  it  he  earned 
the  D.S.C.  with   two  bars  and  the  D.S.O.,  and  was  promoted 
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oat  of  course  to  Staff-Paymaster  for  services  in  action.  His 
last  action  was  on  the  24  December  1917,  when  his  ship 
went  down  after  sinking  its  opponent. 

Another  Fellow  who  has  earned  high  distinction  is  Lieut. - 
Colonel  H.  J.  Wenyon,  who  has  won  the  D.S.O.  with  a  bar. 
Yet  another  Fellow,  Capt.  E.  H.  Lever,  on  service  with  the 
British  Forces  in  Italy,  has  received  the  following  French 
decorations  :  The  Legion  of  Honour,  and  the  Croix  de  Guerre 
twice — "  with  palm  "  and  "  with  gold  star  " — the  first  and 
second  orders.  An  Associate,  T.  P.  Wansbrough,  was  also  a 
Lieut. -Colonel  when  I  saw  him  last.  He  rapidly  attained  his 
rank  in  the  comparatively  peaceful  but  arduous  and  responsible 
work  of  the  R.A.S.C,  in  which  his  powers  of  organization  were 
quickly  recognized  and  rewarded. 

These  are  a  few  outstanding  examples  of  the  honours 
gained  by  our  men,  but  our  records  are  very  incomplete  and 
I  earnestly  beg  that  all  who  have  any  knowledge  of  further 
distinctions  will  bring  them  to  the  notice  of  the  Council.  It 
is  due  to  the  Institute,  but  still  more  to  the  men,  that  this 
should  be  done. 

Much  has  been  written  and  much  said  in  the  attempt  to 
reconcile  what  an  actuary  is  to-day  with  the  historical  origin 
of  the  distinctive  name  under  Avhich  he  is  classified  among 
the  professions,  and  to  trace  the  steps  by  which  the  shorthand 
writer  of  B.C.  40  developed  into  the  C  F.  Hardy,  the 
Lidstone,  or  the  Elderton  of  our  time. 

With  this  interesting  but  somewhat  futile  speculation  I 
do  not  propose  to  concern  myself  much  to-night. 

Nevertheless  a  definition  is  necessary  to  my  purpose 
to-night  because  I  Avish  : 

(a)  To  find  a  comprehensive  description  of   the   actuary 

as  he  might  be  under  present  conditions,  and  would 
be  if  he  were  to  attain  the  ideal  which  few  or  none 
can  reach. 

(b)  To  see    how   far    the    modified    training    which    the 

Institute  now  proposes  to  give  to  its  students  will  fit 
them  to  become,  not  of  course  the  ideal  actuary,  but 
the  sound  and  reliable  one,  capable  of  dealing  with 
all  the  ordinary  problems  which  are  likely  to  come 
before  him. 

(c)  To   indicate   some  directions  in  which  the  usefulness 

of  our  members  may  be  enlarged  for  the  advantage 

Q  2 
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of  tlie  State  and  the  benefit  of  the  Institute  and 
of  themselves ;  and 

(d)  To  suggest  methods  by  which  students  may  obtain 
the  necessary  training  and  experience  for  this  further 
Avork,  while  still  remaining  members  of  the  Institute 
and  still  regarding  it  as  their  Alma  Mater. 

Only  thus  do  I  conceive  that  in  these  days,  and  in  those 
Avhich  are  to  come,  can  the  Institute  maintain  its  right  to  the 
high  place  which  it  has  now  reached,  and  fulfil  its  duties 
towards  its  Members  and  the  Commonwealth.  It  is  my  belief, 
and  indeed  my  hope,  that  one  result  of  the  War  will  be  that 
there  will  be  far  less  room  for  the  half-hearted  or  the  wholly 
ineffectual  in  the  future  than  there  has  been  in  the  past, 
whether  they  be  institutions  or  individuals.  I  guard  myself 
against  misconception  by  saying  that  in  my  view  at  no  previous 
time  has  the  reputation  of  the  Institute  and  of  the  actuary 
stood  higher  than  it  does  now,  largely  because  of  the 
conspicuous  ability  of  those  members  of  our  body  who  in  the 
past  few  years  have  been  associated  in  their  professional 
capacity  with  the  Government  and  Government  Departments. 

(a)  What  is  an  Actuary  ?  The  best  dictionary  definition 
which  I  know  is  in  Murray's  Oxford  Dictionary,  quoted  in 
the  Journal  (vol.  xxvi,  p.  389)  : 

"  An  official  in  an  insurance  office,  whose  duty  it  is  to 
"  compile  statistical  tables  of  mortality,  and  estimate 
"  therefrom  the  necessary  rates  of  premium,  &c.,  or  one  whose 
"  profession  it  is  to  solve  for  insurance  companies  or  the 
"public,  all  monetary  questions  that  involve  a  consideration 
"  of  the  separate  or  combined  effect  of  interest  and 
'"'  probability  in  connection  with  the  duration  of  human  life, 
"the  average  proportion  of  losses  due  to  fire  or  other 
"accidents,  &c. 

My  own  definition  would  be  rather  more  general  : 

"  One  whose  profession  it  is  to  devise  means  to  solve  all 
"  questions  involving  the  application  of  the  theory  of 
"^probability  to  human  affairs,  whether  in  conjunction  with 
"  the  rate  of  interest  or  not,  and  to  apply  them  to  the  solution 
"  of  practical  problems." 

This  definition  is  intentionally  wide,  and  the  ideal  which 
it  presents  is  probably  impossible  of  attainment  by  any  human 
being.  It  implies  a  depth  and  breadth  of  knowledge  to 
acquire  which  would  leave  no  time  or  room  for  the  practical 
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experience  of  men  and  affairs,  without  which  the  practising 
actuary  at  least  is  little  or  nothing  worth. 

As  we  have  lately  been  reminded,  a  former  President  said  : 
"  An  actuary  should  be  a  man  of  general  culture,  with  a 
*'  knowledge  both  of  books  and  men,  and  the  more  he  has  of 
^' both  the  better."  In  this  I  heartily  concur,  but  in  the  same 
paper  the  President  committed  himself  to  the  definition  of 
an  actuary  as  a  "  scientific  financier"  and  in  this,  as  things 
were  then  and  are  at  present,  I  can  hardly  follow  him.  The 
description  might  serve  to  satisfy  the  lukewarm  interest  of 
one's  neighbour  at  dinner,  and  has,  in  fact,  been  useful  in 
that  connection,  but  as  a  practical  definition  it  seems  to  me  to 
exaggerate  in  one  direction  the  possibilities  of  our  training, 
while  limiting  them  in  others. 

Before  I  leave  this  point  perhaps  I  may  make  one  other 
quotation  from  an  extract  printed  in  the  Journal  (vol.  xxx, 
p.  344.)  It  may  interest  you,  as  it  did  me,  because  I  think 
that  it  shows  a  wise  prevision  of  the  possibilities  of  actuarial 
training,  and  of  the  true  character  of  the  Institute,  all  the 
more  remarkable  because  it  was  written  so  long  ago  as  1848, 
on  the  occasion  of  the  Institute's  foundation,  and  by  a  man 
who  was  not  an  actuary.     He  speaks  of  : 

"  The  science  of  which  an  actuary  practises  the 
"  application,  and  which,  though  at  jDresent  it  principally 
"  relates  to  life  contingencies,  yet  must  be  held  to  include 
"  all  contingencies  to  which  calculation  of  probability  can 
"be  applied." 
Of  the  Institute,  he  says  : 

"  Such  a  society  should  be  as  republican  in  its 
"  constitution  and  as  liberal  in  its  principles  as  those 
"which  have  preceded  it.  No  man  should  have  any  rank 
"  except  what  he  makes  for  himself  out  of  the  opinion  of 
"  his  comrades ;  no  class  of  iDrivileged  members  should 
"  exist." 

The  Institute  has  endeavoured  during  its  70  years  of  life 
faithfully  to  fulfil  the  conditions  of  its  legitimate  existence 
outlined  here  by  John  Francis.  So  I  believe,  and  it  is  in  that 
belief  that  I  find  the  greatest  comfort  and  satisfaction  in 
occupying  this  chair  and  addressing  you  to-night. 

(b)  As  you  know  under  the  pressure  of  the  war  the 
Institute  has  lately  revised  the  syllabus  of  its  examinations. 
The    object  of  this  revision  was  to  modify  the  examination 
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standard  to  such  an  extent  as  would  relieve  those  members 
and  students  who  have  spent  the  last  four  years  in  the  arduous 
service  of  their  country  from  the  extended  course  of  study 
necessary  to  success  in  pre-war  examinations,  while  still 
maintaining  a  sufficient  standard  of  general  and  actuarial 
knoAvledge  to  qualify  them  to  act  in  all  the  capacities  which  an 
actuary  is  ordinarily  called  upon  to  fulfil.  This  modification 
is  at  present  to  be  considered  as  an  emergency  measure,  but 
my  suggestions  to-night  are  intended  to  direct  your  attention 
to  the  possibility  that  the  present  arrangement  may  be 
continued  and  extended,  because  I  believe  that  it  is  along  the 
lines  proposed  by  the  Examination  Committee  and  adopted 
by  the  Council  that  the  Institute  is  capable  of  attaining  its 
widest  and  fullest  development.  I  may  add  that  this  aspect 
of  the  case  was  fully  in  the  minds  of  the  Committee  and  the 
Sub-Committee  which  at  the  beginning  of  the  year  exhaustively 
examined  the  subject. 

The  modified  syllabus  which  is  now  in  your  bauds  Las 
been  supplemented  by  a  course  of  reading  drawn  up  by  the 
Board  of  Examiners  which  seems  to  me  to  meet  admirably  all 
the  necessities  of  students  within  the  limits  laid  down  in  the 
syllabus.  In  the  past  as  you  know  unless  the  student  were 
fortunate  enough  to  have  the  benefit  of  the  advice  of 
experienced  tutors  or  private  coaches  (a  condition  which  in 
itself  presents  some  dangers)  his  course  of  reading  embraced 
numbers  of  papers,  not  all  of  equal  merit,  many  of  which 
duplicated  his  work  to  a  great  extent.  In  the  courses  of 
reading  now  prescribed  for  each  section  of  the  examination 
he  will  find  all  the  equipment  which  is  necessary  to  the 
ordinary  actuary,  and  sufficient  leisure  to  enable  him  to 
explore  those  byways  in  which  he  feels  himself  to  be 
specially  interested. 

Certain  branches  of  our  work  which  I  think  might  quite 
reasonably  be  made  separate  subjects  of  further  development 
are  still  included  in  the  revised  syllabus.  Nevertheless, 
inasmuch  as  Sections  B  and  C  of  Part  IV  are  alternative,  and 
as  I  conceive  that  the  majority  of  candidates  will  select 
Section  B  in  preference  to  vSection  C,  because  the  practical 
experience  of  most  of  them  will  lie  in  the  subjects  comprised 
in  Section  B,  the  efi^ect  will  be  that  Section  C  and  the  subjects 
of  which  it  treats  will  become  purely  voluntary. 

I  suggest  therefore  that  Section  C  should  be  taken  out  of 
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the  syllabus,  and  the  subjects  included  in  it  (and  possibly 
others)  be  dealt  with  on  lines  which  I  Avill  describe  hereafter. 
Sections  A  and  B  might  be  combined  into  one  final  section, 
and  possibly  three  papers  set  in  it,  if  it  is  thought  desirable 
to  include  in  it  some  questions  on  law,  and  on  the  elements 
of  statistics  in  which  a  preliminary  course  of  reading  could 
easily  be  prescribed.  Personally  I  think  that  it  would  not  be 
desirable  be  exclude  from  the  final  examination  all  questions 
of  law,  because  many  of  our  every  day  experiences  involve 
some  knowledge  of  the  law  relating  to  life  assurance 
companies  and  contracts,  and  of  that  governing  mortgage 
transactions. 

You  will  observe  that  I  am  not  reducing  the  compulsory 
requirements  for  the  final  examination  in  the  case  of  ordinary 
students  more  than  they  have  been  reduced  by  the  Council. 
I  think  that  the  syllabus  so  compressed  would  provide 
adequate  training  for  the  ordinary  actuary,  and  I  am  now 
considering  the  matter  only  with  reference  to  him  and  to  his 
needs. 

You  will  however  gather  that  although  I  feel  that  the 
reduced  syllabus  provides  sufficient  training  for  that  class  of 
man,  the  omission  of  Section  C  would  prevent  it  meeting  the 
needs  of  the  young  actuary  who  wishes  to  specialize  in 
certain  branches  of  our  work,  while  all  questions  relating  to 
Finance  are  omitted  both  from  the  revised  syllabus  and  from 
my  suggested  modifications  of  it.  To  this  aspect  of  the 
question  I  propose  to  refer  later,  and  to  offer  some  suggestions 
as  to  the  mode  in  which  the  omission  may  be  remedied  on 
voluntary  lines. 

(c)  In  what  directions  useful  to  itself  and  others  may  the 
Institute  hope  to  increase  or  develop  its  activities  ?  These 
include  in  addition  to  certain  aspects  and  varieties  of 
insurance  : 

(a)   The  great  qaestion  of  National  Insurance,  whether  of 

health    or  against  unemployment,  and  of  Old  Age 

Pensions. 
[h]   Better  and  more  complete  treatment,  on  actuarial  as 

distinguished  from  statistical  lines,    of  the    Census 

results, 
(c)   Public    Health  and    the    investigation    as    a    national 

question  of  the  mortality  of  special  classes,  as   for 

instance  the  Army  and  the  Navy.     (This  branch  of 
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investigation  might  be  extended  almost  indefinitely, 

and  with  great  advantage  to  the  State,  particularly 

if     certain    forms     of     industry    are     nationalized 

hereafter) . 

[d)  The  question  of  State  Pensions  which  for  many  years 

must  be  a  point  of  anxious    consideration   for   the 

State  and  for  every  citizen. 

It  will  be  seen  that  these  are  all  public  questions,  covering 

a  great  many  possible  sub-divisions  which  I  need  not  specify. 

All  of  us  for  instance  can  imagine  many  directions  in  which 

actuarial  treatment  might  be  more  fully  applied  to  the  Census 

results.     Grreat  questions  of  national  efficiency  are  involved 

in  a  complete  examination  of  these  results,  including  problems 

of   trade    and   manufacture,    taxation,    national    thrift,    man 

power,  whether  for  military  or  for    other    special    purposes, 

and  others  which  I  will  not  indicate.     These  kinds  of  questions 

are  what  I  had  in  mind   when    I    suggested   earlier   in   my 

address   the    possibility  that  the  Institute  and  its   members 

might  prove  of  greater  assistance  to  the  Commonwealth   in 

the  future  than  they  have  had  the  opportunity  of  being  in 

the  past.     As  we  know    the  Institute  as  a  body  and  many 

of  its  individual  members  have  given  much  valuable  service 

to  the  State,  but  my  present  point  is  that  if  we  lay  ourselves 

out  to  take  up  these  matters  as  part  of  an  extended  curriculum, 

there  will  naturally  be  submitted  to  us  many  more  national 

questions  of  the  kind  indicated  than  have  come  before  us  in 

the  past. 

As  regards  Insurance  there  are  directions  in  which 
actuarial  science  may  still  be  applied  to  subjects  with  which 
we  may  be  presumed  to  be  more  familiar  already  than  Avith 
some  of  those  enumerated  above.  In  ordinary  life  assurance 
there  is  hardly  room  for  much  that  is  new,  but  it  is  convenient 
to  refer  to  it  here.  On  the  purely  technical  side,  variety  and 
cheapness  of  policies,  improvements  in  methods  of  valuation 
tending  to  greater  expedition  and  accuracy,  increased 
liberality  in  conditions,  &c.,  there  is  probably  little  to  be  done. 
The  general  soundness  of  the  lines  on  which  life  assurance 
institutions  are  conducted,  including  their  finance,  has,  so  far 
as  we  can  tell  at  present,  stood  a  test  more  severe  than  it  was 
ever  contemplated  should  be  applied  to  them.  Whatever 
further  trials  fall  upon  them  they  can  hardly  be  so  serious 
as  those  through  which  they  have  lately  passed,  let  us  hope 
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with  complete  success,  although  the  final  reckoning  is  yet  to 
come. 

But  in  one  phase  or  incident  of  ordinary  life  assurance, 
the  paper  which  shall  be  a  classic  remains  to  be  written. 
The  question  of  the  proper  terms  on  which  two  life  assurance 
offices  should  carry  out  an  amalgamation  as  distinct  from  a 
transfer,  presents  opportunities  for  wide  differences  of  opinion 
and  of  treatment.  When  and  why  should  the  business  of  one 
office  be  kept  open  and  the  other  closed  ?  When  is  it  advisable 
to  keep  both  open  and  amalgamate  them  ?  In  that  case 
should  existing  surpluses  be  allocated  to  existing  policy 
holders,  and  if  not  how  should  they  be  divided  ?  On  what 
principles  should  the  future  premiums  to  be  charged  to  new 
entrants  be  determined  ?  How  should  the  proper  method  of 
allocating  future  profits  between  the  existing  policy  holders 
of  both  offices  and  future  entrants  into  the  combined  oflBce  be 
decided  ?  These  are  questions  which  may  quite  possibly  assume 
considerable  importance  in  the  future,  and  guidance  upon 
them  would  be  useful  not  only  to  actuaries  but  to  others,  such 
as  directors  and  policy  holders,  who  are  directly  interested. 

In  connection  with  one  section  of  life  assurance,  industrial 
assurance,  I  think  that  there  are  possibilities  of  betterment 
into  which  careful  enquiry  should  be  made.  The  great 
objection  to  industrial  assurance,  in  spite  of  the  inestimable 
benefit  which  it  has  been  to  the  cause  of  national  thrift  is  its 
expense.  On  the  lines  on  which  this  class  of  assurance  is 
necessaril}-  conducted  at  present  there  does  not  seem  to  be 
much  hope  of  a  reduction  in  cost.  I  would,  however,  commend 
to  those  who  are  particularly  interested  in  it  the  sj^stem  of 
"group  insurance^'  which  is  making  great  progress  in 
America. 

This  system  is  not  to  be  confused  with  that  of  "collective 
insurance,"  on  which  the  late  R.  P.  Hardy  read  a  paper  here 
some  years  ago.  His  paper  was  designed  to  suggest  for 
consideration,  in  connection  with  the  question  of  Old  Age 
Pensions,  a  system  of  endowment  assurance  or  deferred 
annuities  for  the  whole  population.  He  submitted  some 
interesting  formulae,  but  as  a  practical  question  the  matter  has 
lost  its  interest  at  least  for  the  present.  One  thought  is 
however  forced  upon  me  in  reading  the  discussion,  in 
which  practically  every  speaker,  possibly  influenced  by  a 
solemn  warning  given  in  advance  by  the  then  President,  felt 
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constrained  to  avoid  anything-  which  might  be  construed  to 
have  even  a  remote  bearing  on  the  political  situation. 
The  result  was  that  the  discussion  consisted  largely  of 
ingenious  evasions  of  political  references  or  apologies  for 
approaching  them.  I  mention  this  only  because  I  feel  that 
if  in  the  conditions  which  exist  this  Institute  is  to  take  its 
proper  share  in  public  life  such  an  attitude  towards  political 
questions  is  impossible,  and  indeed  childish.  I  suppose  that 
one  of  the  most  burning  political  questions  of  the  moment  is 
that  of  Free  Trade,  but  I  can  conceive  some  aspects  of  that 
matter  on  which  actuarial  investigation  might  throw  light, 
while  the  whole  question  is  one  largely  of  the  correct 
application  of  statistics.  If  my  idea  is  correct  some  actuary 
in  the  near  future  might  wish  to  read  a  paper  on  Free  Trade 
versus  Protection,  and  I  sincerely  trust  that  his  enterprise 
would  not  be  discouraged,  and  that,  if  it  were,  it  would  be  on 
any  grounds  except  the  political  one. 

But  to  return  to  the  question  of  "  group  insurance."  Its 
central  idea  is  that  employers  should  provide  out  of  their 
profits  if  possible  (and  in  America  apparently  it  is  possible) 
death  benefits  for  their  employees  by  a  premium  which  is 
calculated  to  provide  for  all  the  deaths  taking  place  during 
one  year  amongst  such  employees.  Only  one  policy  is  issued 
to  cover  the  whole  risk.  It  is  a  "  renewable  term  ''  policy  and 
so  far  as  I  can  gather  the  soundness  of  the  system  depends 
on  the  fact  that  the  numbers  and  age  distribution  of  the 
employees  in  a  large  firm  remain  fairly  constant.  I  have  not 
seen  any  formulae  or  indeed  any  reference  to  the  mathematical 
basis  of  the  system,  but  there  is  a  non-technical  description  of 
it  in  "  The  Annals  of  the  American  Academy  of  Political  and 
Social  Science"  for  March  1917. 

From  this  it  appears  that  although  the  system  has  been 
introduced  into  America  only  since  1911  it  has  attained  wide- 
spread favour  amongst  lai-ge  employers.  It  is  stated,  for 
instance,  that  the  Union  Pacific  Kaih'oad  has  insured  35,000 
employees  each  to  the  extent  of  one  year's  salary,  the  total 
insurance  under  this  one  policy  amounting  to  $30,000,000 
while  during  1916  one  insurance  company  issued  under  this 
plan  more  than  $40,000,000  of  insurance,  and  I  have  since 
heard  that  the  Standard  Oil  Company  has  adopted  the  scheme 
for  600,000  employees.  The  unit  of  insurance  recommended 
is  one  year's  salary  Avith  a  maximum  of  §3,000  and  on  this 
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basis  tlie  monthly  premium  is  said  to  be  approximately  1  per 
1,000  or  1*2  per-cent  per  annum. 

The  system  has  scarcely  been  in  force  long  enough  to 
warrant  any  confident  statement  as  to  its  soundness  in  the 
form  described,  but  inasmuch  as  under  the  American  scheme 
•  the  whole  of  the  premium  is  paid  by  the  employer  (and  large 
employers  of  labour  in  America  are  not  the  least  shrewd  of 
their  race)  it  may  safely  be  assumed  that,  at  any  rate  from 
his  point  of  view,  the  system  is  satisfactory.  Whether  this 
fact  implies  the  opposite  possibilities,  namely,  that  it  is 
unsatisfactory  to  the  employed  or  to  the  insurance  company, 
I  cannot  say,  but  it  is  worthy  of  note  that  according  to  the 
writer  of  the  article  to  which  I  am  referring  the  improved 
conditions  which  result  from  the  adoption  of  this  insurance 
scheme,  and  the  closer  and  more  confident  relations  which  are 
thereby  established  between  employer  and  employed,  have 
made  employers  ready  to  make  what  at  first  sight  must  appear 
considerable  sacrifices  in  order  to  introduce  it  amongst  their 
men.  As  I  know  from  recent  experience  one  of  the  greatest 
difficulties  with  which  large  emploj'ers  have  to  contend  is  the 
continual  disturbance  caused  by  the  loss  and  replacement  of 
the  lower  grades  of  employee,  and  this  difficulty  is  that  which 
it  is  asserted  that  group  insurance  largely  meets. 

I  am  aware  that  these  are  not  actuarial  considerations,  but 
they  have  a  direct  bearing  on  social  economy.  Having  regard 
to  what  I  have  already  said  as  to  the  duty  of  the  Institute 
towards  society  and  also  to  the  fact  that  industrial  assurance 
would  probably  be  the  firs^  object  of  attack  by  an  ill  informed 
democracy  anxious  to  nationalize  insurance,  it  seems  well 
worth  while  for  actuaries,  who  are  interested  in  or  identified 
with  that  form  of  assurance,  to  examine  this  scheme  and  if  it 
is  sound  to  fit  it,  or  possibly  some  improvement  on  it,  into 
their  own  organizations.  At  least  it  will  be  seen  that  industrial 
assurance  on  these  lines  is  enormously  cheapened.  As  already 
stated  the  policy  is  a  yearly  renewable  one,  which  implies  a 
very  low  premium  rate,  as  no  large  reserve  fund  need  be 
maintained.  There  are  practically  no  funds  to  invest  and  no 
expense  is  incurred  in  their  cai'e.  There  are  no  medical  fees, 
and  small  or  no  commissions.  The  cost  of  collection  is 
infinitesimal  and  is  really  borne  by  the  employer.  Naturally 
there  is  a  very  lars-e  savino-  in  stationerv,  in  accountino-  and 
other  staff  expenses. 
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On  the  other  hand  it  is  obvious  to  ns  that  if  the  plan  is 
open  to  the  same  objections  as  ordinary  "  assessinentism  "  it 
must  be  unsound^  and  should  therefore  be  discouraged.  Like 
all  works  schemes  its  solvency  depends  on  that  of  the  employer, 
but  there  are  the  special  objections  to  this  particular  scheme  : 

(1)  That  the  first  men  to  leave  the  firm  which  was  tending 

towards  insolvency  would  be  the  young  and  healthy. 
The  renewable  term  premium  would  then  be 
insufficient  to  meet  claims,  and  would  have  to  be 
raised,  perhaps  to  an  impossible  figure,  if  it  is  to  be 
adequate. 

(2)  That  in  the  eventual  wreck  there  would  be  no  surrender 

values,  or  other  form  of  salvage."^ 

As  regards  other  forms  of  insurance  I  feel  that  there  is 
still  something  to  be  done  in  the  investigation  of  sickness 
experience  with  a  view  to  the  extension  of  sickness  insurance. 
A  large  body  of  facts  must  have  been  accumulated  in  the 
last  few  years,  and  it  seems  reasonable  to  suppose,  on  a 
'priori  grounds,  that  an  enquiry  into  these  facts  might  permit 
such  a  cheapening  of  this  form  of  insurance  as  would  make 
it  much  more  attractive  than  it  is  now  to  those  large  bodies 
of  workers  for  whom  a  cessation  of  work  means  a  cessation  of 
earned  income.  To  those  outside  National  Health  Insurance 
and  particularly  to  the  professional  classes,  sickness  insurance 
should  specially  appeal.  It  would  practically  take  the  place 
of  the  unemployment  insurance  of  the  wage  earner,  and  a 
more  general  use  of  it  would  fill  one  of  the  remaining  gaps 
in  a  system  of  general  protection  against  all  the  "bludgeonings 
of  chance "  which  our  present  opportunities  and  knowledge 
should  make  complete. 

That  there  are  possibilities  in  the  direction  indicated 
appears  to  be  recognized  by  the  large  accident  companies  and 
by  certain  life  offices.  The  former  have  extended  the  limits 
within  which  their  provision  for  sickness  operates,  while  the 
latter  provide  for  the  suspension  of  premium  payments  during 
total  disability  from  accident  and  certain  forms  of  sickness, 
apparently  without  extra  charge. 

Accident  insurance,  including  employer's  liability,  is  yet 
another  wide  field  for  the  actuary  only  partially  opened  up. 

Some  progress  has  been  made  in  devising  and  enunciating 
correct  methods  of  valuation,  but  I  do  not  see  in  the  suggested 

*  See  also  J.  Buru,  J.I. A.,  vol.  xlix,  p.  229. 
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course  of  reading  which  accompanies  the  new  syllabus  any 
reference  to  particular  books  or  papers  on  the  subject, 
although  the  student  is  referred,  with  sardonic  humour,  to 
the  returns  to  the  Board  of  Trade  which  relate  to  the 
employers^  liability  business.  This  omission  will  no  doubt 
be  remedied.  There  is  at  least  one  paper  on  the  subject  (voL 
xlv,  p.  101,  AV.  Penman)  and  possibly  there  are  other  writings 
of  which  I  have  no  knowledge. 

There  must  be  by  this  time  an  enormous  mass  of  material 
a  thorough  examination  of  which  would  throw  light  on  many 
points,  and  give  valuable  general  information  to  the  insurance 
manager,  the  actuary,  and  the  state.  I  am  aware  that  one  of 
the  objections  to  the  application  of  the  actuarial  science  to  the 
business  of  employers'  liability  is  that  in  this  class  of  insurance 
the  operation  of  the  laws  of  probability  is  interrupted  or 
diverted  by  the  independent  exercise  of  the  human  will  on  the 
part  of  the  workman,  and  of  the  judges.  It  seems  to  me, 
however,  that  in  a  large  mass  and  over  long  periods  of  time 
this  objection  is  either  negligible  or  if  it  is  not,  that  then  its 
effects  must  be  traceable  and  measurable,  even  if  they  cannot 
be  distinguished  from  other  effects  having  a  different  origin 
but  the  same  result.  I  confess  that  I  should  like  to  see  a 
comprehensive  investigation  of  the  facts  relating  to  all 
classes  of  accident  insurance  accumulated  by  the  large 
composite  companies.  The  data  must  be  extensive  enough  to 
warrant  their  sub-division  into  many  heads  with  results  which 
would  be  both  interesting-  and  informing-. 

Unemployment  insurance  I  do  not  see  mentioned  in  the 
syllabus  or  course  of  reading.  It  is  naturally  still  in  its 
infancy,  but  it  is  part  of  the  national  scheme  of  insurance, 
the  correct  calculation  of  its  rates  of  premium  is  certainly  an 
actuarial  matter,  and  therefore  it  must  sooner  or  later  come 
within  the  purview  of  the  Institute,  if  it  can  be  continued  at 
all.  Of  this  I  am  doubtful.  It  seems  to  me  that  the  human 
and  extra-human  agencies — politics,  strikes,  &c.,  on  the  one 
hand,  and  trade  cycles  on  the  other — are  disturbing  agencies 
too  uncertain  for  science  to  measure  their  effect  and  too 
powerful  to  be  neglected.  The  aim  of  society  should  be  to 
lessen  unemployment,  or  to  abolish  it  if  possible,  by  social  and 
industrial  reforms  or  by  increased  production,  rather  than  to 
pay  for  it  by  insurance.  That  course  is  a  mere  shiftmg  of 
the  burden. 
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There  are  various  other  forms  of  insurance  against  minor 
ills  or  accidents — the  occurrence  of  twins,  for  instance — which 
are  usually  effected  at  Lloyd^s.  All  these  are  susceptible  of 
treatment  either  actuarially  or  statistically,  and  should  therefore 
come  within  the  scope  of  the  Institute's  activities.  A  more 
extended  investigation  into  the  question  of  insurance  against 
issue  is  overdue,  and  should  prove  both  valuable  and  interesting. 
But  all  these  are  better  suited  to  be  the  actuary's  recreation 
than  to  form  part  of  his  serious  pursuits. 

Fire  and  marine  insurance  are  hardly  susceptible  of 
actuarial  treatment  in  the  strict  sense,  although  a  consideration 
of  their  methods  and  results  from  a  statistical  standpoint 
might  very  well  prove  a  profitable  undertaking  for  an  office 
which  was  large  enough  to  provide  its  own  facts  and 
enterprising  enough  to  submit  them  to  expert  examination. 
But  that  suggestion  is  only  part  of  a  much  larger  one  which 
I  should  like  to  submit  to  the  responsible  heads  of  the  great 
composite  companies.  It  has  probably  occurred  already  to  the 
bold  and  imaginative  minds  which  have  made  so  striking  a 
success  of  British  insurance,  but  I  do  not  know  that  it  has 
ever  been  carried  into  effect.  My  proposal  is  that  the  large 
offices  should  create  separate  statistical  departments,  the 
basis  of  which  would  be  their  existing  actuarial  departments. 
These  departments  would  need  enlarging  and  strengthening, 
and  to  them  would  then  be  referred,  not  only  the  usual 
actuarial  work  of  the  life  branch,  but  the  statistical 
examination  of  all  other  branches  and  of  the  questions  arising 
in  them.  That  such  a  department  would  more  than  pay  its 
way  I  have  no  doubt,  and  if  it  were  found  possible,  as  I 
think  would  be  the  case  in  time,  to  include  among  its  duties 
the  constant  care  and  scrutiny,  if  not  the  actual  management, 
of  the  investments,  then  I  am  sure  that  it  would  be  very 
profitable.  The  present  time  or  the  immediate  future,  with 
their  grooving  crop  of  new  and  difficult  problems,  seem  very 
suitable  for  the  initiation  of  something  on  these  lines. 

Before  leaving  the  subject  of  insurance  I  should  like  to 
refer  briefly  to  the  possibility  of  a  new  investigation  into  the 
mortality  of  assured  lives  and  annuitants.  It  is  25  years  since 
data  were  last  collected,  and  though  a  general  investigation, 
even  if  it  were  necessary,  is  probably  out  of  the  question, 
and  of  doubtful  permanent  value  owing  to  the  events  of  the 
last  four  years,  yet  I  feel  that  some  early  enquiry   into  the 
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effects  of  the  waa*  upon  the  mortality  of  the  offices  is  both 
necessary  and  desirable, 

I  have  specified  certain  directions  in  Avhich  lie  Avider 
openings  for  the  activities  of  the  Institute  and  its  members  in 
connection  with  government  work.  A  general  consideration 
of  existing  conditions  prompts  the  suggestion  Avhich  I  shall 
make  for  dealing  with  the  situation  as  a  whole  and  meeting 
the  need  for  more  and,  except  in  certain  departments,  better 
actuarial  assistance  than  has  hitherto  been  available  for  the 
service  of  the  State.  If  we  read  through  a  list  of  government 
departments  we  shall  see  that  there  is  a  very  large  proportion 
of  them  in  which  actuarial  knowledge  and  training  must  be 
either  indispensable  or  advantageous.  Such  are  the  National 
Health  Insurance  Commission,  the  General  Register  Office,  the 
Registry  of  Friendly  Societies,  the  National  Debt  Office,  the 
War  Office,  Admiralty,  and  any  other  department  which  deals 
with  its  own  pensions,  or  other  pensions  on  a  large  scale,  and 
the  Boards  of  Inland  Revenue  and  of  Trade.  There  are 
certainly  others  in  which  actuarial  knowledge  if  not 
indispensable  is  nearly  so,  such  as  the  Treasury,  India  Office, 
the  Colonial  Office  and  the  Local  Government  Board,  while  the 
proposed  Ministry  of  Health,  if  and  when  it  comes  into  being, 
must  also  afford  an  appropriate  field  for  actuai-ial  work  and 
methods. 

Other  smaller  departments — Savings  Banks,  Paymaster 
General's  Department,  Public  Works  Loan  Board — would 
probably  be  the  better  for  it,  and  in  any  case  actuarial  or 
statistical  questions  requiring  expert  advice  must  arise  in  them 
from  time  to  time. 

How  can  the  needs  which  I  have  indicated  best  be  met  ? 
I  had  hoped,  when  the  appointment  of  Sir  Alfred  Watson  to 
the  post  of  government  actuary  was  announced,  that  that 
appointment  would  be  a  preliminary  to  the  constitution  of  a 
special  government  department  of  which  the  government 
actuary  would  be  the  head.  This  department  would  be  one, 
not  only  of  actuarial  work,  but  of  general  statistical  enquiry. 
To  it  would  be  referred  the  preparation  and  examination  of 
the  statistical  data  collected  by  all  other  departments  in  the 
course  of  their  particular  work,  as  well  as  the  various  special 
points  which  would  present  themselves  for  consideration. 
Such  a  department  would  necessarily  be  a  large  one  and  the 
nucleus  of  it  must  be  formed  by  the  government  actuary's 
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existing  staff  (at  present  I  imagine  largely  if  not  wholly 
engaged  in  tlie  National  Health  Insurance  Commission)  Avith 
the  actuaries  now  attached  (whether  as  actuaries  or  not)  to 
other  government  departments — the  War  Office,  National 
Debt  Commission,  Somerset  House  and  others. 

The  new  section  of  the  administration  would  need  to  be  a 
statistical  as  well  as  an  actuarial  department,  having  regard 
to  the  mass  of  statistical  work  which  would  or  should  be 
submitted  to  it  by  other  departments,  such,  for  instance,  as  the 
Board  of  Trade.  But  the  bulk  of  its  work  would  probably 
come  from  the  National  Health  Insurance  Commission,  the 
Ministry  of  Pensions,  and  the  General  Eegister  Office,  and 
would  be  actuarial.  However  this  may  be,  I  feel  that  if  such 
a  department  is  to  be  instituted  it  should  be  started  and 
controlled  by  the  government  actuary.  No  other  official  can 
have  had  equally  good  training  for,  or  so  wide  an  experience 
of,  both  kinds  of  work,  the  statistical  and  the  purely  actuarial. 

That  the  necessity  of  a  government  statistical  department 
is  realized  in  other  quarters  is  shown  by  the  introduction  into 
the  recent  report  of  the  Committee  on  the  Cost  of  Living  of  the 
following  paragraph  : 

"  If  it  is  not  too  far  exceeding  the  bounds  of  our  terms 
"  of  reference,  we  would  add  that  we  have  been  greatly  struck 
"  with  the  improvement  which  might  be  made  in  the  value  of 
"  the  large  body  of  statistics  which  the  different  government 
"  departments  regularly  collect  each  for  itself,  if  some  authority 
"  existed  charged  with  the  duty  of  keeping  them  all  in  line, 
"  ensuring  the  employment  of  uniform  standards  and  inter- 
'' related  methods  and  unifying  the  whole  by  the  application  of 
"  principles  of  scientific  co-ordination." 

This  recommendation,  which  is  all  the  more  striking 
because  it  has  only  an  indirect  relation  to  the  subject  of  the 
report,  is  supported  by  Professor  Ashley  and  Professor 
Bowley,  members  of  the  committee  whose  authority  in  such 
matters  is  unquestioned. 

There  is  no  need  to  point  out  in  detail  the  directions  in 
which  the  new  department  would  prove  of  value.  Its  least 
recommendation  is  that  the  cost  of  it  would  be  infinitesimal 
compared  with  the  gain  to  the  country  which  must  result  say 
from  competent  examination  of  the  statistics  relating  to  the 
trade  of  our  own  country  now  handled  by  the  Board  of  Trade, 
and  of  the  similar  statistics  obtainable  from  foreign  countries. 
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In  one  otlier  direction  to  wliicli  I  have  already  referred  its 
advice  and  assistance  would  be  of  the  greatest  value,  even  if 
it  did  not  actually  undertake  the  work,  now  admirably 
performed,  within  the  limitations  imposed  upon  them,  by  the 
Resristrar-General  and  his  staff.  It  has  lono-  been  a  dream  of 
actuaries  and  statisticians  that  in  the  perfect  state  there  shall 
be  a  permanent  census  office,  constantly  examining  and 
re-arranging  in  different  lights  the  results  of  each  census.  It 
is  further  urged  that  censuses  should  be  taken  at  least 
quinquennially,  instead  of  decennially  as  at  present.  The 
Registrar-General  has  carried  this  idea  even  further.  He  has 
pointed  out  to  me  that  with  slight  alterations  the  present 
machinery  of  national  registration  could  be  adapted  to  the 
purpose  of  an  annual  census.* 

The  social  and  economic  value  of  a  census  which  would 
be  practically  continuous  can  hardly  be  over-estimated,  and 
having  regard  to  the  comparatively  simple  character  of  the 
main  facts  required,  the  Registrar-General's  proposal  seems 
eminently  practicable.  The  question  which  department  should 
carry  out  the  work  would  no  doubt  form  the  subject  of  a 
fierce  struggle  between  my  friends  Sir  Bernard  Mallet  and 
Sir  Alfred  Watson,  but  whichever  won  the  thing  would  be 
properly  done  and  we  should  have  got  it,  which  after  all  is 
the  main  consideration. 

To  National  Health  Insurance  I  need  hardly  refer.  We 
know  it  to  be  in  good  hands  and  it  is  fortunate  that  it  is  so, 
for  the  war  must  have  created  for  the  department  a  great 
many  problems  which  will  tax  to  the  utmost  the  skill  and 
judgment  of  its  actuarial  and  financial  advisers.  In  the 
approaching  valuations  of  the  approved  societies,  the 
disturbance  of  the  rates  of  mortality  and  sickness  both 
immediate  and  future,  the  possibility  of  increased  benefit 
as  a  result  of  political  and  economic  pressure,  and  the 
depreciation  in  pre-war  investments,  are  all  facts  which  must 
be  faced. 

I  have  mentioned  State  Pensions  as  a  subject  which  will 
be  one  of  anxiety  to  the  state  and  to  every  thoughtful  citizen 
for  many  years.  In  dealing  with  this  matter  it  is  necessary 
to  speak  plainly.  For  obvious  reasons  it  has  been  taken  up 
enthusiastically  by  a  certain  class  of  politicians,  of  all  shades 

*  The  Registrar-General  has  developed  his  suffgestiou  in  a  lecture  to  the 
Royal  Institute  of  Public  Health.  The  lecture  was  published  iu  "The  Journal 
of  State  Medicine  "  for  August  1918,  and  has  been  reprinted  bj  Messrs.  John 
Bale,  Sons  &  Danielson,  Ltd.,  83-91,  Great  Titchfield  Street,  London,  W.  1. 
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of  opinion,  who  vie  with  each  other  in  extravagant  promises 
to  the  electorate,  and  in  applying-  pressure  to  a  facile  minister. 
To  the  lazy  and  self-seeking  nothing  is  so  easy  as  to  be 
generous  with  the  money  of  the  state,  and  nothing  requires 
more  courage  than  to  resist  a  demand  when  resistance  lends 
itself  to  interested  misrepresentation.  Already  we  have  seen 
one  pliant  minister  succeeded  by  another  still  more  obliging, 
while  official  publications  contain  many  protests  against 
laxity  of  administration  by  both,  and  warnings  as  to  its 
consequences."^  The  Government,  since  the  dissolution  and 
therefore  without  consulting  parliament,  has  increased  the 
scale  of  pensions  by  20  per-cent  until  June  next.  "  If  they 
"  do  these  things  in  a  green  tree  what  shall  be  done  in  the 
"  dry  ?  "  With  the  example  of  the  United  States  before  him  the 
ordinary  taxpayer  may  well  ask  the  question,  while  we  whose 
special  knowledge  and  experience  tell  us  how  insidiously  the 
burden  of  pensions  grows  and  hoAv  heavy  it  can  become, 
cannot  but  regard  the  whole  matter  with  profound  anxiety. 
In  my  view  it  is  absolutely  essential,  both  on  actuarial  and 
political  grounds,  that  the  administration  of  War  Pensions 
should  be  removed,  as  far  as  possible,  and  if  possible  entireh', 
from  the  influence  of  the  government  and  of  parliament.  It 
is  greatly  to  be  hoped  that  in  the  new  parliament  there  may 
be  a  body  of  members  sufficiently  independent  to  adopt  this 
view  and  strong  enough  to  enforce  it.  But  in  this  respect  a 
study  of  election  addresses  is  decided!}^  discouraging. 

As  a  result  of  the  war  and  of  the  gathering  interest  in 
social  problems  the  question  of  Superannuation  Funds  is 
likely  to  assume  considerable  importance  in  the  near  future. 
Existing  Funds  Avill  need  careful  examination  and  the  most 
expert  management  if  they  are  to  escape  disaster  and  fulfil 
their  useful  functions.  No  one  can  foresee  the  exact  effect  of 
the  war  on  the  rates  of  mortality  and  retirement  in  these 
funds,  but  we  know  that  some  of  the  direct  results  may  be 
(a)  heavy  payments  of  death  benefits  in  respect  of  young 
members ;  (6)  earlier  retirement  on  pension  as  a  result  of 
disability  or  invalidity ;  (c)  an  increase  in  the  future  mortality 
of    pensioners.     There    are    indirect    results   to    which    my 

*  These  protests  and  warnings  are  too  long  to  quote,  but  the  members  may  be 
referred  to  (a)  the  report  by  the  Government  Actuary,  paragraph  6  appended  to 
Cd.  8485,  26  February  1917;  {i)  The  2nd  Report  of  the  Committee  ou  National 
Expenditure  No.  30  of  1918;  (r)  Report  by  tlie  Government  Actuary,  paragraph 
5,  Cd.  9054,  18  April  1918;  {d)  Report  of  Committee  of  Public  Accounts,  No. 
1000  of  1918,  pp.  xii  and  xiii  and  227,  &c. ;  (e)  Ninth  Report  of  Committee  on 
National  Expenditure  No.  121  of  1918,  paragraphs  27  and  29  (15). 
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attention  has  been  called  in  connection  with  one  very  important 
fund  and  these  I  should  like  to  bring  to  your  notice.  In  the 
first  place  there  is  a  not  unnatural  agitation  for  an  increase  in 
the  pension  of  those  annuitants  who  have  retired  before  or  in 
the  early  days  of  the  war  and  now  find  that  a  pension  based 
on  pre-war  conditions  of  pay  and  prices  is  wholly  inadequate 
to  present  needs.  The  constitution  of  these  superannuation 
funds  is  generally  very  democratic.  The  rules  as  to  benefits 
are  easily  altered,  but  in  my  experience  it  is  the  rarest  thing 
to  find  that  the  funds  will  stand  any  increase  in  benefits, 
while  in  many  cases  a  diminution  is  more  or  less  urgently 
needed.  Again,  in  those  funds  where  the  pension  is  a  function 
of  the  final  salary  or  of  the  average  salary  of  the  last  few 
years,  to  base  the  pension  on  the  increased  salaries  or  wages 
which  have  been  given  during  and  in  consequence  of  the  war 
will  upset  the  whole  foundation  of  the  funds.  Then  there  is 
the  universal  depreciation  in  securities  to  be  faced,  although 
there  is  compensation  for  this  in  the  higher  rate  of  interest 
which  seems  likely  to  prevail  for  some  years. 

These  points  cannot  be  elaborated  here,  but  they  and  many 
•others  deserve  the  consideration  of  all  those  who  are  interested 
in  these  funds.  The  matter  will  become  of  special  interest  if 
the  railways  are  nationalized  because  in  that  case  it  is  to  be 
presumed  that  the  government  will  assume  the  responsibility 
for  the  funds  connected  with  them.  Those  of  us  who  remember 
the  Report  of  the  Departmental  Committee  on  Railway 
Superannuation  Funds  which  appeared  in  1910  will  remember 
the  condition  of  many  of  them,  and  how  several  of  the 
railway  companies  dealt  with  the  position  by  guaranteeing 
the  solvency  of  their  funds.  Unless  the  government  take 
over  this  liability,  which  will  then  be  a  charge  on  the 
taxpayer,  the  amount  of  it  must  be  deducted  from  the 
purchase  price.  In  that  case  the  value  of  the  junior  securities 
of  the  companies  interested  may  be  somewhat  seriously  affected. 

I  have  now  detailed  the  main  directions  in  which,  as  I 
think,  the  services  of  the  Institute  and  of  its  members  can  be 
further  utilized.  But  if  they  are  to  be  employed  to  the  best 
advantage  then  it  is  necessary  that  additional  training  to 
that  which  the  new  curriculum  aifords  should  be  provided. 
The  members  of  the  Institute  will  agree  Avith  me  that  if  it  is 
in  any  way  possible  this  training  should  be  given  within  our 
walls.  I  believe  that  it  is  possible  and  in  this  belief  I  venture 
to  outline  the  following  scheme. 

R  2 
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There  are  five  subjects  which  seem  to  me  suitable  to  form 
the  substance  of  what  for  convenience  I  will  call  post-graduate 
courses.     They  are  : 

(a)   General  statistics,  including    graduation  in  its    more 

scientific  developments. 
(6)  National      Health      Insurance     and      Unemployment 
Insurance  if  unemployment  is  found  to  be  susceptible 
of  insurance. 

(c)  Friendly  Societies,  Pension  Funds,  and  Widows'  and 

Orphans'  Funds. 

(d)  Law. 

(e)  Economics  and  finance. 

I  see  no  reason  why  all  these  subjects  should  not  be  taught 
within  this  building  and  all,  except  possibly  the  last,  by 
members  of  our  own  body.  If  this  is  feasible  then  the  objects 
at  Avhich  I  am  aiming  will  be  completely  attained. 

If  I  may  explain  my  idea  rather  more  fully  it  is  this  : 

(1)  To  enlarge  the  boundaries  of  the  Institute's  work  and 
training  so  as  to  cover  not  only  those  fields  (principally 
insurance  and  various  forms  of  thrift)  which  it  has  hitherto 
cultivated,  but  also  some  others  not  now  within  its  special 
domain. 

(2)  To  secure  that  our  members  are  properly  trained  for 
this  work  or  for  one  or  two  branches  of  it,  and  do  not,  as  too 
often  in  the  past,  acquire  merely  a  smattering  of  all  branches. 

(8)  To  provide  means  by  which  ambitious  students  may 
fit  themselves  for  other  employment  than  that  to  Avhich  in 
practice  they  have  so  far  confined  themselves. 

(4)  To  insure  that  those  whom  the  Institute  has  trained, 
should  remain  members  of  it,  whatever  career  they  may 
ultimately  select. 

I  have  already  referred  to  the  difficulty  of  finding  a 
definition  of  an  actuary,  and  the  existence  of  that  difficulty 
implies  that  the  limits  of  our  work  are  not,  even  now,  very 
strictly  marked  ofP.  There  can  therefore  be  no  objection  to 
enlarging  them,  even  at  the  expense  of  sacrificing  all  existing 
definitions,  including  my  own.  This  will  at  least  create 
opportunities  for  further  ingenuity,  and  I  am  not  sure  that 
the  definition  which  I  have  criticized,  "  a  scientific  financier  " 
would  not  hereafter  apply  with  fair  accuracy  to  the  actuary 
who  qualified  under  the  syllabus  and  subsequently  took 
honours  in  statistics,  economics  and  finance.  In  any  case 
I  cannot  conceive  any  man  who  should  have  a  better  claim  to 
the  title  than  such  an  actuary. 
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As  I  said  before,  there  is  no  reason  why  the  first  four 
subjects  should  not  be  taught  here  and  by  our  own  members. 
Some  persons  unaware  of  the  facts  might  object  to  the 
Institute  attempting  to  teach  law,  but  these  I  would  remind 
that  we  have  among  us  many  barristers,  who  although  they 
do  not  practice  in  the  courts,  are  constantly  required  to 
examine  various  aspects  of  conveyancing  and  commercial 
law,  who  thus  acquire  a  more  general  knowledge  than  many 
practising  barristers,  and  are  certainly  capable  of  imparting 
\Xj  to  others.  Indeed,  if  our  members  are  to  be  taught  law  we 
may  have  to  do  it  ourselves,  for  I  am  told  on  enquiry  that  the 
latest  regulations  might  possibly  be  construed  as  barring 
admission  to  an  Inn  of  Court  to  actuaries,  as  to  members  of 
certain  other  professions  such  as  chartered  accountants. 

As  regards  economics  and  finance,  I  have  expressed  some 
doubt  whether  we  could  provide  lecturers  from  our  own  body. 
Personally  I  do  not  think  that  Ave  should  be  able  to  do  so 
entirely,  although  there  are  certain  aspects  of  finance, 
including  the  choice  and  care  of  investments,  in  which  the 
experience  of  some  of  our  members  is  as  wide  as  that  of 
anyone.  It  includes  one  class  of  investments,  reversions  and 
life  interests,  which  only  actuaries  are  competent  to  handle^ 
while  we  may  not  unfairly  claim  that  our  general  knowledge 
of  all  the  incidents  attaching  to  mortgages  is  at  least  equal 
to  that  of  any  other  professional  body,  except  laAvyers. 

But  as  regards  Stock  Exchange  securities  I  cannot  help 
feeling  that  we  are  not  sufficiently  in  touch,  not  only  with  the 
influences,  personal  and  otherwise,  which  produce  temporary 
variations  in  values,  but  also  Avith  those  factors  and  tendencies 
which  make  for  changes  more  general  and  permanent  in 
character,  and,  on  that  account,  are  specially  important.  But 
although  w^e  cannot  supply  from  amongst  us  lecturers  on  all 
the  subjects  included  under  the  wide  heading  of  this  section 
it  is  quite  possible  that  we  may  be  able  to  find  teachers  for 
some  of  them.  For  the  rest  we  might  rely  on  the  admirable 
course  of  the  London  School  of  Economics;  and  in  taking 
this  course  students  have  the  opportunity  of  becoming  at 
the  same  time  graduates  of  London  University.  It  might 
be  feasible,  if  we  can  guarantee  enough  students,  for  the 
professors  of  the  School  of  Economics  to  lecture  here,  a 
course  which  most  of  us  would  prefer  if  it  could  be  arranged, 
but  we  must  avoid  if  possible  the  overlapping  which  would 
be  inevitable  if  the  Institute  became  a  separate  teaching 
centre  for  the  same  subjects  as  are  now  so  well  taught  by  the 
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School  of  Economics.  I  confess,  however,  that  I  do  not  at 
present  see  how  to  meet  this  difficulty. 

I  attach  very  great  importance  to  the  question  of 
financial  education.  I  am  prepared  to  maintain  that  the 
most  important  function  of  the  administration  of  a  life  office 
is  the  management  of  its  funds,  whether  that  management 
be  actually  vested  in  the  board,  a  finance  committee  or  the 
manager.  The  highest  prizes  which  actuaries,  speaking- 
generally,  have  been  able  to  reach  have  hitherto  been  the 
chief  positions  in  life  assurance  offices,  or  in  the  life  branches 
of  the  composite  companies.  Apart  from  character  and 
personality  the  attainment  of  these  positions  is  due  in  my 
view  not  so  much  to  purely  actuarial  knowledge  as  to  tlie 
general  training  provided  by  the  institute,  and  particularly 
the  financial  training,  inadequate  as  this  has  been.  How 
many  actuaries  who  are  also  chief  officers  of  their  companies 
concern  themselves  with  more  than  general  supervision  of 
the  actuarial  work  ?  None,  I  imagine,  and  although  my  own 
opinion  is  that  the  chief  officer  of  a  life  office  should  be  an 
actuary,  this  claim  must  be  justified  in  the  view  of  those 
responsible  for  such  appointments,  and  if  actuaries  are  to 
retain  their  present  almost  universal  control  of  life  offices,  it 
must  be  on  the  strength  of  wider  qualifications  than  the 
purely  actuarial.  It  follows,  if  my  views  are  right,  that  the 
complete  omission  of  financial  questions  from  the  syllabus 
imposes  on  the  Council,  as  the  trustees  of  the  general  interests 
of  the  membors,  the  duty  of  providing  training  in  finance 
outside  the  sj'llabus.  In  my  opinion  scientific  finance  may 
quite  properly  be  included  in  the  domain  of  the  actuary, 
particularly  if  we  assume,  as  I  do,  that  economics  and  general 
statistics  will  in  future  also  form  part  of  his  training. 

In  that  case  not  only  will  the  actuary  retain  unchallenged 
and  indeed  unchallengeable  his  position  in  the  insurance  world, 
but,  having  regard  to  the  character  of  his  training  in  other 
respects,  I  can  see  no  reason  why,  if  he  likes  to  leave  that 
world  and  possesses  the  personal  qualities  indispensable  to 
success  in  any  of  the  higher  walks  of  life,  he  should  not  be 
capable  of  treading  them  with  the  best.  But  as  I  heard 
Mr.  Arthur  Balfour  say  recently :  "  No  education  in  the 
"  world  will  make  up  for  the  original  deficiency,  when  there  is 
"  a  deficiency,  in  the  raw  material  to  be  educated.  Nothing 
"  will  compensate  for  the  absence  of  mother  wii.  There  is  no 
"  substitute  for  that  energy,  originality,  tact,  insight,  courage 
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''  and  enterprise  which,  in  commerce  as  in  every  other  walk  of 
"  life,  are  sure  and  certain  instruments  of  success." 

In  this  connection  there  is  one  further  point  to  which 
I  must  refer,  namely,  the  difficulty,  however  good  our 
theoretical  teaching  may  be,  of  affording  opportunities  for 
practical  training-.  But  this  difficulty  should  not  be  insur- 
mountable if  directors  and  managers  regard  the  movement 
with  sympathy  and  understanding.  They  can,  for  instance, 
allow  members  of  their  staffs  Avho  are  specializing  in  finance 
to  attend  finance  committees  or  meetings  of  the  board, 
inviting  them  to  submit  opinions  and  suggestions  and  to  join 
in  discussions.  Xo  harm  could  come  from  such  association, 
while  the  value  of  the  investment  department  as  a  source  of 
profit  must  be  increased.  Individual  managers  might  allow 
students  in  their  offices  access  to  the  investment  ledgers  and 
encourage  them  to  make  enquiries  and  suggestions  in  regard 
to  particular  securities.  They  might  also  submit  to  them  the 
offers  which  daily  come  before  them,  asking  for  a  reasoned 
expression  of  opinion  as  to  their  merits.  I  believe  that  the 
managers  would  derive  at  least  as  much  benefit  as  the 
students  from  this  course.  To  assist  and  encourage  the 
personal  contact  which  is  so  necessary  an  element  in  success- 
ful finance,  intelligent  and  tactful  students  should  be  allowed 
to  call  from  time  to  time  on  the  company's  financial  connec- 
tions and  urged  to  make  such  connections  for  themselves. 

If  these  "  postgraduate  "  coui'ses  are  instituted,  as  I  hope 
that  they  will  be,  then  the  Council  or  the  Board  of  Examiners 
must  prescribe  appropriate  courses  of  reading,  and  in  my 
view  it  is  essential  to  its  success  that  the  efficiency  of  the 
system  should  be  tested  by  examinations.  No  one  believes 
that  examinations  are  an  .infallible  test  of  knowledge,  but 
they  put  to  some  proof  both  it  and  the  training  for  it.  It 
should  be  easy  to  devise  a  diploma  which  in  the  candidate's 
hands  would  be  witness  to  the  fact  that  he  had  gained 
honours  in  one  or  more  of  the  additional  subjects,  w^hile 
distinguishing  marks  or  letters  could  be  attached  to  his  name 
in  our  annual  list  of  members.  If  in  financial  matters  we 
had  to  rely  entirely  on  the  training  provided  by  the  London 
School  of  Economics  then  their  examinations,  and  the  degree 
of  the  London  University,  would  meet  the  needs  which  I  have 
indicated. 

The  coarse  of  these  remarks  leads  me  to  suggest  for  your 
consideration  whether  it  is  possible  and  if  so  whether  it  is 
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desirable  that  the  Institute  should  itself  become  attached  to 
London  University.  There  are  natui'ally  difficulties  in  the 
way — the  question  of  matriculation  for  examjde — but  I  see 
no  reason  why  the  influence  and  importance  of  the  Institute 
should  be  in  any  way  diminisiied  b}^  association  with  the 
University — rather  the  reverse.  I  do  not  know  what  are  the 
exact  relations  between  the  London  School  of  Economics  and 
the  University,  but  apparently  it  would  not  be  impossible  to 
reconcile  incorporation  in  the  University  with  the  main- 
tenance of  the  Institute's  independent  existence  and  training, 
while  it  might  be  arranged  that  the  University  degree, 
whatever  form  it  took,  should  be  an  addition  to  and  not  a 
substitution  for  our  own  F.I. A.  However,  this  is  a  large 
subject  and  I  have  not  sufficient  knowledge  of  the  details 
involved  to  be  competent  to  discuss  it.  Nevertheless  I  think 
that  it  should  be  considered,  particularly  as  it  seems  to  me 
that  it  is  in  the  direction  of  co-ordination  and  centralization  of 
teaching  that  the  times  are  moving  and  that,  if  this  is  so, 
then  we  must  go  with  them  or  risk  losing  our  position  and 
influence. 

Since  these  words  were  written  the  movement  towards 
the  institution  of  degrees  in  Commerce  by  the  London 
University  inaugui-ated  in  July  has  advanced  to  the  stage 
that  the  insurance  community  has  been  directly  approached 
by  representatives  of  the  University  with  a  request  for  such 
co-operation  and  financial  assistance  as  has  already  been 
promised  by  the  banking  and  other  interests.  The  subject 
was  recently  discussed  at  a  meeting  at  which  the  University 
was  strongly  represented  and  was  referred  for  consideration 
to  a  committee  to  be  nominated  by  the  chairman  of  the 
British  Insurance  Association,  Mr.  Roger  Owen.  It  is  there- 
fore premature  to  discuss  it,  but  in  the  draft  scheme  of 
examinations  for  these  degrees  insurance  is  only  one  of  five 
subjects  to  be  covered  by  one  paper.  As  the  remaining 
subjects  for  this  single  paper  are  (a)  Commercial  Law,  (6) 
Sale  of  Goods,  (c)  Carriage  of  Goods  by  Land  and  Sea,  and 
[d)  Elements  of  the  Law  relating  to  Negotiable  Instruments, 
Partnership  and  Companies,  and  as  about  20  papers  have  to 
be  taken  for  the  full  degree  it  is  obviously  impossible  that 
either  the  teaching  of  insurance  or  the  test  by  examination 
can  be  sufficient  for  any  practical  purpose.  On  the  other 
hand  the  full  course  for  the  degree  is  so  extensive  that  it 
does  not  seem  that  students  of  the  insurance  institutes  would 
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be  able  to  take  it  concurrently  with  their  present  training, 
while  for  actuarial  students  it  would  be  impossible.  Never- 
theless if  the  scheme  is  ultimately  put  into  practical  shape  1 
think  that  we  may  assure  its  promoters  that  any  help  which 
the  Institute  can  give  by  way  of  advice  or  assistance  in  its 
special  subjects  will  be  forthcoming."^ 

This  concludes  the  main  portion  of  my  address.  The 
suggestions  which  I  have  made  might  have  been  thought 
revolutionary  a  few  years  ago,  but  to  us  who  have  been  tried 
in  the  fires  of  these  last  four  years  a  revolution,  especially 
one  that  is  purely  domestic,  is  a  small  matter.  For  this 
reason  I  commend  my  proposals  to  your  consideration  with 
the  assurance  in  my  oAvn  mind  that  they  will  be  examined 
and  discussed  on  their  merits,  and  Avith  the  sympathy  which 
is  due,  not  to  your  President  or  to  me,  but  to  any  well  meant 
effort  to  improve  the  world  in  which  we  move,  and  that 
particular  part  of  it  which  is  the  scene  of  our  own 
endeavours.  Frankly,  though  the  main  object  which  I  had 
in  mind  in  writing  this  address  was  to  suggest  some  ways  in 
which  the  status  of  the  Institute  and  the  jDrofession  might  be 
raised  and  their  scope  enlarged,  yet  I  hope  that  in  doing  this 
we  may  increase  the  value  and  therefore  the  emoluments  of 
the  individual  actuary.  I  have  no  patience  with  the  cant 
which  affects  to  believe  that  all  our  efforts  should  be  purely 
unselfish.  We  have  seen  and  heard  a  great  deal  of  it  recently 
in  connection  with  national  and  international  affairs,  but  I 
do  not  notice  that  certain  classes  of  the  community  in 
pursuing  their  ideals  have  overlooked  their  own  interests, 
even  though  their  action  seriously  endangered  the  objects 
which  they  profess  to  have  in  view.  Private  gain  is  not 
incompatible  with  public  good.  On  the  contrary  the  better 
the  man  the  more  should  he  be  worth  not  only  to  himself  but 
also  to  the  community.  But  within  the  limits  of  his  oppor- 
tunities he  must  work  as  hard  for  the  community  as  for 
himself.  Only  thus  shall  he  earn,  and  even  possibly  receive, 
the  full  measure  of  his  reward. 

I  must  ask  you  to  bear  with  me  for  yet  a  few  minutes 
while  I  refer  to  a  question  which,  though  not  at  present  a 
burning  one,  is  certainh^  smouldering,  and  therefore  requires 
•examination  and  careful  handling.  I  mean  the  admission  of 
women  to  the  Institute.     I  am  not   one  of  those  who  think 

*  On  this  subject  see  a  letter  from  Mr.  S.  G.  Warner,  whicli  appeared  in  the 
Insurance  Record  of  20  December  1918. 
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that  because  women  have  done  nobly  in   the  ^var,   as  they 
have,  that    therefore    they   should    be    invited  to  undertake 
all  sorts  of  work  and  responsibilities  for  which  they  are  fitted 
neither  by  temperament  nor  by  training.    Women's  brains  and 
physical  capacity  are  no  greater  and  no  less  now  than  before 
the  Avar,  but   the  war  has  given  them    the    oppoi-tunity  to 
prove  their  precise    worth   in    both   these    respects.     In  my 
opinion  they  have  proved  it  to  be  sufficiently  high  to  entitle 
them    to    admission,    on     equal   terms    with    men,    to    many 
spheres  of  activity  hitherto  closed  to  them.     In  the  past  the 
refusal    so    to    admit    them  was  due  to  want   of   knowledge 
which  has  now  been  supplied,  or  to  prejudice  on  the  part  of 
men,  which  amounted  to  a  denial  of  social  justice.     I  do  not 
see  therefore  why  the   Institute  should  affect  to  be  deaf,  or 
should  bar  its  doors  when  women  begin  to  knock  at  them.     It 
is  unlikely  that  any  but  women  of  high  intelligence  will  seek 
admission  here,  and  for  intellect,  whether  it  resides  in  man  or 
woman,  there  is  always  room  in  every  profession.     For  these 
reasons  my  personal  opinion  is  that  women  should  be  admitted 
to  the   Institute  on  equal  terms  with  men,  and  that  if  the 
members   decide  that   this  should  be  done,  it  should  be  done 
completely  at  the  appointed  time.     I  mention  this  because  it 
has  been  suggested  that  for  the   present  women  should  be 
admitted  only  to  sit  for  the  examinations.     To  me  this  looks 
like  fencing  with  a  question  which  must  be  faced.     We  may 
be  certain  that  the   demand  for  full  admission  will  not  be 
suppressed,  even  if  at   their  first  examination  all  the  vromen 
candidates  were  to  fail,  and  it  is  better  to  make  a  concession 
as  a  result  of  considered  judgment  than  to  yield  to  importunity. 
As  I  have    said,  these    are    only  my    personal    opinions. 
Officially  I  may  say  that  while  there  is  no  reason  why  the 
question  should  not  be  discussed  at  this  time,  yet  there  are 
good  and  obvious  reasons  why  it  should  not  be  decided  before 
the  return  to  our  hall  of  those  of  our  members  who  have  been 
forth  to  fight.     If,  therefore,  the  matter  is   pressed  I.  should 
use  such  influence  as  your  President  may  possess  and  deserve, 
to  prevent   action  the  result  of  which  might  be  regarded,  in 
existing    circumstances,    as    an    injustice,    either    by    absent 
members    on  the  one  hand,  or    by    aspiring  women    on    the 
other. 
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Newton's  Interpolation  Formulas.     Further  Notes  by  Duncan 
C.  Fkaser,  M.A.,  F.I.A. 

J.  HE  following  references  to  the  subject  will  be  found  in  the 
"  Commercium  Epistolicum  "  : 

Letter  from  Leibnitz  to  Oldenburg,  dated  3  February  1672/3. 
— The  "  Commercium  Epistolicum  "  includes  ten  letters  from 
Leibnitz  to  Oldenburg,  and  references  to  five  others,  besides 
four  letters  from  Leibnitz  to  other  mathematicians. 

Only  one  of  these,  the  earliest  of  the  series^  discusses 
questions  relating  to  Finite  Differences  ;  and  as  it  is  entirely 
devoted  to  this  subject  and  furnishes  an  interesting  indication 
of  the  state  of  knowledge  at  the  time,  1  have  given  a  version 
of  it  in  full.  It  will  be  observed  that  while  the  heading 
clearly  states  that  it  is  addressed  to  Oldenburg,  he  is  referred 
to  in  the  course  of  the  letter  in  the  third  person  and  by  name. 
It  seems  to  have  the  form  of  a  memorandum  rather  than  of  a 
letter,  and  we  may  suppose  it  to  have  been  w-ritten  for  private 
circulation,  or  possibly  with  a  view^  to  publication  in  the 
Transactions  of  the  Royal  Society,  of  w^iich  Oldenburg  was 
Secretary. 

The  paragraph  in  which  Leibnitz  explains  a  general  rule 
relating  to  the  differences  of  any  kind  of  powers  is  merely  a 
verbal  description  of  the  formula 

ft«  — ?>"  =  a«-'(a— 6}  +  &(a"-'  — 6«-'). 

In  his  final  paragraph  he  gives  some  examples  of  series 
with  fractional  terms,  the  general  term  of  the  rth  series  being 


{n  +  2){n+3)  .  .  .  {n  +  r+]) 


The  rest  of  the  letter  is  taken  up  with  a  discussion  of  the 
fundamental  formula  of  Finite  Differences,  u,i,=  {1  +  A)"tio ,  for 
the  case  when  n  is  an  integer  ;  and  with  remarks  on  the 
properties  of  the  coefficients  which  are  employed. 

It  appears  that  Leibnitz  and  writers  before  him  found  no 
difficulty  in  writing  down  the  formula  for  any  given  integral 
value  of  n,  the  necessary  coefficients  being  obtained  by 
reference  to  a  table.  Leibnitz  employed  a  table  drawn  from 
Pascal's  Treatise  on  the  Arithmetical  Triangle  (printed  in  1654, 
but  not  published  until  1665)  ;  an  account  of  which  is  given 
in  the    "  History    of   the    Theory  of    Probability "  by    Isaac 
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Todhunter,  who  mentions  the  application  of  the  Arithmetical 
Triangle  by  Pascal  in  solving  questions  of  Combinations  and 
Probabilities,  and  in  obtaining  the  powers  [i.e., integral  powers] 
of  binomial  quantities.  The  particular  point  of  interest  to 
us  in  the  present  connection  is  that  mathematicians  before 
Newton  were  in  the  habit  of  using  one  and  the  same  table  for 
obtaining  the  integral  powers  of  binomial  quantities,  and  for 
expressing  any  one  of  a  series  of  values  in  terms  of  the  initial 
value  and  its  leading  differences. 

In  vol.  xiv  of  the  Journal  (pp.  1  and  73)  references  will  be 
found  to  the  early  use  of  methods  of  Finite  Diiferences  by 
Briggs  and  by  Mouton,  both  of  whom  are  mentioned  in 
Leibnitz'  letter. 

Newton's  letter  of  IS  June  1676. — This  letter  needs  little 
comment.  In  it  the  first  enunciation  appears  of  what  we 
now  call  the  Binomial  Theorem,  a  name  not  used  by  Newton ; 
and  he  gives  detailed  examples  of  its  application.  A  series  is 
also  given  for  finding  a  number  from  its  logarithm,  i.e.,  the 
exponential  series.  There  are  some  remarks  of  a  vague  and 
general  character  on  methods  of  obtaining  approximate  series 
which  probably  refer  to  methods  of  diiferences.  In  my 
version  I  have  omitted  a  short  section  on  the  roots  of 
equations. 

Newton's  letter  o/24  October  1676. — This  letter  constitutes 
the  principal  document  in  the  controversy  between  Newton 
and  Leibnitz  as  to  priority  in  the  discovery  of  the 
Differential  Calculus.  The  letter  is  a  long  one;  and  in  my 
version  I  have  omitted  more  than  half  of  it,  retaining  only 
those  sections  (fortunately  non-controversial)  Avhich  contain 
matter  of  interest  in  relation  to  the  subject  of  interpolation 
by  methods  of  finite  diiferences.  It  opens  with  a 
clear  and  detailed  accouut  of  the  process  of  discovery  of  the 
Binomial  Theorem ;  and  it  is  interesting  to  note  that  the 
discovery  arose  out  of  a  problem  in  interpolation,  the  question 
which  Newton  set  himself  to  solve  being  to  ascertain  the  form 

of  the  series  which  would  represent  the  function  1  (1  —x-)^  .  dx 
for  a  fractional  value  of  m,  the  forms  of  the  series  for 
a  number  of  integral  values  of  m  being  known.  This  was  an 
example  of  the  "  interpolation  of  series  ",  i.e.,  of  the  insertion 
of  a  new  series  among  a  number  of  known  series.  The 
solution  of  this  question  suggested  the  solution  of  the  simpler 
problem  of  finding  the  general  form  of  the   series  for  the 
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expansion  of  (1— a-)'",  for  any  value  of  m  integral  ov  fractional, 
which  led  at  once  to  the  Binomial  Theorem;  and  the 
Binomial  Theorem  in  turn  suggested  many  of  the  familiar 
processes  which  are  included  in  the  general  description  of 
"  Algebra  up  to  the  Binomial  Theorem." 

In  a  letter  dated  21  June  1677  to  Oldenburg*,  Leibnitz  says^ 
"  His  description  of  the  way  in  which  he  was  led  to  some  of 
"  his  very  elegant  theorems  is  singularly  happy ;  and  what  he 
"  says  on  the  interpolations  of  Wallis  is  especially  pleasing, 
"  because  by  this  argument  a  proof  of  these  interpolations  is 
"  obtained  which  (so  far  as  I  know)  had  previously  been  given 
"  by  induction  only/' 

The  date  of  discovery  of  the  Binomial  Theorem  is  fixed  by 
a  note  left  by  Newton  in  which  he  says  :  "  In  the  beginning- 
"  of  the  year  1665  I  found  the  method  of  approximating  series 
"  and  the  rule  for  reducing  any  dignity  "  [i.e.,  power]  "  of  a 
"  binomial  into  such  a  series." 

Newton's  proof  depends  solely  on  the  properties  of  the 
coefficients,  and  is  not  affected  in  any  way  by  the  nature  of 
the  quantities,  algebraical  or  otherwise,  with  which  they  are 
associated.  Hemembering  that  the  mathematicians  of  the 
time  were  in  the  habit  of  familiarly  using  the  same  table  of 
coefficients  for  obtaining  the  expansions  of  the  integral  powers 
of  binomials,  and  for  expressing  any  one  of  a  series  of  known 
values  in  terms  of  the  initial  value  and  its  leading  differences, 
it  will  be  appreciated  that  Newton's  discovery  of  a  general 
formula  for  the  expansion  of  the  fractional  powers  of  binomials 
gave  him  command  at  the  same  time  of  the  fundamental 
formula  of  interpolation  7<,j=:(l  +  A)".  ^<oj  which  he  embodied 
more  than  twenty  ^^ears  later  in  Lemma  V  of  Book  III  of  the 
Principia. 

That  he  at  once  proceeded  to  apply  his  theorem  in  this 
direction  is  suggested  by  the  fact  that  in  the  summer  of  the 
same  year  he  engaged  in  extensive  calculations  of  logarithms. 
In  two  separate  sections  of  the  letter  he  gives  elaborate  details 
of  his  methods,  and  in  a  note  dated  4  July  1699,  quoted  in 
Brewster's  Life  of  Newton,  he  says  :  "  In  summer  1665,  being 
"  forced  from  Cambridge  by  the  plague,  I  computed  the  area 
''  of  the  hyperbola  at  Boothby,  in  Lincolnshire,  to  two  and  fifty 
"  figures."  The  MS.  is  still  preserved  in  the  University 
Library  at  Cambridge,  and  is  mentioned  in  the  "Catalogue 
"  of  the  Portsmouth  collection  of  books  and  papers  written 
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"  hj  or  belonging  to  Sh'  Isaac  Newton''  (Cambridge,  1888), 
under  the  title  "  Calculation  of  the  Area  of  the  Hyberbola", 
being  item  No.  4  of  sub-section  "  Early  papers  by  Newton. 
(Holograph)."  An  examination  of  this  MS. and  of  other  MSS.  in 
the  same  collection,  for  example  the  "  Eegula  DifPerentiarum  ", 
which  is  No.  5  of  sub-section  '^Miscellaneous  Mathematical 
subjects  "  might  bring  to  light  valuable  information. 

Newton  remarks  in  his  letter  that  at  a  later  date  he  used 
other  methods  which  gave  logarithms  more  exactly,  and  the 
editors  of  the  "  Commercium  Epistolicum "  refer  to  the 
^'  Geometria  Analytica."  This  work  was  first  published  in 
1736  in  a  translation  by  Colson  and  it  contains  formulas  for 
the  interpolation  of  logarithms  derived  from  the  properties  of 
the  logarithmic  series. 

The  "  Logarithmotechnia,  sive  methodus  construendi 
logarithma  nova,  accurata  et  facilis "  (4to.  London),  of 
Nicholas  Mercator  (not  Mercator  of  the  Maps),  which  is 
mentioned  by  Newton  was  published  in  September  1668.  In 
this  work  Mercator  took  the  equation  to  the  hyperbola  in  the 

form  y=  :, ;  and  by  simple  division,  explaining  each  step 

of  the  process  in  great  detail,  he  obtained  the  series 
'[—x  +  x^  —  x^  +  ,  &c.,  the  integration  of  which  term  by  term 
gave  the  logarithmic  series.  This  was  the  first  time  that  the 
operation  of  division  with  algebraical  symbols  had  appeared 
in  print  and  it  excited  extraordinary  interest  among 
mathematicians,  though  as  the  editors  of  the  "  Commercium 
Epistolicum "     explain    it    was     already    known     that     the 

expression ,  x  being  less  than  unity,  represented  the  sum 

of  the  series  l+x  +  x'^-\-x^  +  ,  &c.,  taken  to  infinity.  On  his 
attention  being  drawn  to  this  publication,  Barrow,  then 
Professor  of  Mathematics  at  Cambridge,  made  it  known  that 
a  young  friend  of  his,  by  name  Newton,  had  previously 
arrived  at  general  propositions  of  which  Mercator's  example 
was  only  a  particular  case. 

Newton  mentions  that  he  wrote  some  papers  on  series  in 
1671.  Wallis  states  that  these  papers,  or  some  of  them, 
were  destroyed  by  fire.  Somo  portions  of  them  appear  to 
have  been  included  in  the  "  Geometria  Analytica." 

In  a  following  section  of  the  letter  will  be  found  the 
references,  which  I  have  already  quoted,  to  the  "  Methodus 
Differentialis." 
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In  the  second  of  the  two  sections  on  the  subject  of 
logarithms,  the  process  of  interpolation  by  intervals  of  one- 
tenth  is  repeatedly  mentioned,  and  there  can  be  little  doubt 
that  this  is  the  process  described  in  detail  in  the  letter  of 
8  May  1675  to  J.  Smith.  We  may  reasonably  suppose  that 
the  same  process  is  referred  to  in  the  final  paragraph  of  my 
version  where  Newton  says  that  he  had  almost  decided  to 
describe  his  method  of  insei'ting  intermediate  terms  in  the 
construction  of  trigonometrical  and  other  tables. 

It  is  a  remarkable  conclusion  that  as  early  as  the  year  1665, 
when  he  was  still  under  the  age  of  23,  Newton  appears  to 
have  had  at  his  command  practically  all  the  methods  and 
facilities  of  computation  which  are  now  in  use,  with  the 
exception  of  calculating  machines ;  and  when  we  consider  that 
we  owe  the  originating  germ  of  such  machines  to  Newton's 
contemporary  Pascal,  we  may  realize  what  a  direct  and  vital 
connection  there  is  between  the  ideas  of  the  mathematicians 
of  the  17th  century  and  the  practical  work  of  the  present-day 
Actuary. 

Extract  from  Letter  of  February  1672/3. 

Leibnitz  to  Oldenliirg. 

Recently  when  I  happened  to  meet  the  eminent  mathematician, 
Pell,  at  the  house  of  the  famous  Boyle,  we  began  to  talk  about 
numbers,  and  I  was  reminded  by  our  conversation  that  I  had  a 
method  of  my  own  of  constructing  the  terms  of  a  series  of  any  kind, 
either  increasing  or  decreasing  continuously,  by  a  class  of  differences 
which  I  call  generating  differences.  If  the  differences  of  a  given 
series  are  found,  and  the  differences  of  the  differences,  and  the 
differences  arising  from  the  differences  of  the  differences,  &:c.  ;  and 
if  a  series  be  constructed  consisting  of  the  first  term,  and  the  first 
difference,  and  the  first  difference  of  the  differences,  and  the  first 
difference  arising  from  the  differences  of  the  differences,  &c.,  that 
will  be  the  series  of  generating  differences  ;  so  that  if  the  continu- 
ously increasing  or  decreasing  series  be  a,  h,  c,  d,  then  putting 
CO  as  the  sign  of  the  difference  the  generating  differences  will  be  : 


I.  a         2.  a<nh  3.  av>b<xibaic         i.  acobcaba3co:>h<Mca3ca>d 


4.          av>b  oib  <JiC  CO    b  mc  <d c ca  d 

3.           a  mb  m  b  (n  c  //  CO  c  CO  c  00  d 

2.         a  CO  />  i  CO  c                      c  (XI  d 

1.          a                    b  c                        d 


216  Newton's  Interpolation  Formulas.  [April 

Or,  in  numbers,  if  the  series  be  the  series  of  cubes  increasing  in 
succession  from  unity,  the  generating  differences  will  be  0,  1,  6,  6. 
I  call  them  by  this  name,  because  the  terms  of  the  series  are  produced 
from  them  when  multiplied  in  a  particular  way.  Their  use  appears 
to  be  greatest  when  the  generating  differences  are  finite  in  number, 
but  the  terms  of  the  series  infinite  ;  as  in  the  example  proposed 
of  cube  numbers  : 

0  0  0 

6  6  6  6 

6  12  18  24  30 

1  7  19  37  61  91 

0  1  8  27  64  125  216 

When  the  eminent  Pell  heard  this,  he  replied  that  it  had  already 
been  described  by  Mouton,  Canon  of  Leyden,  from  the  observation 
of  the  most  noble  Francis  Reynald  of  Leyden,  a  man  long  celebrated 
in  the  literary  world,  in  a  book  of  Mouton  on  the  apparent  diameters 
of  the  Sun  and  Moon.  From  a  letter  of  Reynald's  addressed  to 
Monconisius,  and  from  a  diary  of  the  journeys  of  Monconisius, 
I  had  become  acquainted  with  the  name  of  Mouton,  and  the  two 
works  he  had  in  view  ;  namely,  the  apparent  diameters  of  the 
luminaries,  and  a  scheme  for  transmitting  the  measures  of  things 
to  posterity  ;  but  I  did  not  know  that  the  book  had  actually 
appeared.  Wherefore  I  hurried  off  at  once  to  Oldenburg,  the 
Secretary  of  the  Eoyal  Society,  and  borrowed  the  book  and  found 
that  Pell  had  spoken  truly.  But  nevertheless  I  thought  that  I 
ought  to  take  pains  that  no  suspicion  should  remain  in  their  minds 
of  my  having  wished  to  appropriate  the  credit  of  another  man's 
ideas  by  suppressing  the  name  of  the  discoverer,  and  I  hope  it  will 
be  apparent  that  I  am  not  in  such  want  of  ideas  as  to  be  compelled 
to  pilfer  those  of  others.  Moreover,  I  shall  \'indicate  my  honour 
by  two  arguments  ;  first  by  showing  my  rough  notes,  in  which  not 
only  my  discovery  but  also  the  manner  and  the  occasion  of  the 
discovery  appear  ;  and  then  by  adding  some  things  of  the  greatest 
importance  not  remarked  by  Reynald  and  Mouton,  which  it  is  not 
very  likely  should  have  been  contrived  by  me  in  a  night,  and  which 
could  not  reasonably  be  expected  to  be  produced  by  a  mere 
transcriber. 

From  my  papers  it  appears  that  the  occasion  of  the  discovery 
was  as  follows  :  I  was  seeking  a  method  of  finding  the  differences 
of  every  kind  of  powers  ;  just  as  it  is  known  that  the  differences 
of  the  square  numbers  are  the  odd  numbers  ;  and  I  had  found  a 
general  rule  of  this  kind. 

The  preceding  power  of  a  given  order  being  known,  to  find  the 
power  following  (or  the  reverse)  at  a  given  distance,  that  is  the 
powers  of  given  terms  ;  or  to  find  the  differences  of  the  powers  of 
a  given  order,  whatever  their  distances  apart.    In  the  powers  of  the 
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next  lower  order,  let  the  power  of  the  greater  term  be  multiplied 
by  the  difference  of  the  terms  ;  and  let  the  difEerence  of  the  powers 
(still  in  the  next  lower  order)  be  multiplied  by  the  smaller  term. 
The  sum  of  the  products  will  be  the  required  difEerence  of  the  powers 
of  the  given  terms.  I  had  adapted  the  same  rule  in  such  a  way 
that  to  ascertain  the  powers  of  the  terms  for  a  higher  order  it  was 
sufficient  to  know  the  powers  of  the  given  terms  for  any  lower 
order.  And  I  showed  that  what  is  observed  to  be  the  case  for  squares, 
namely,  that  their  differences  are  the  odd  numbers,  is  not  outside 
the  basis  of  the  rule  proposed. 

My  mind  being  fixed  on  these  ideas,  as  in  the  case  of  square 
numbers  the  differences  are  the  odd  numbers,  so  also  I  enquired 
what  might  be  the  differences  of  the  cubes  ;  and  since  these  appeared 
to  be  irregular  I  sought  the  differences  of  the  differences,  until 
I  found  the  third  differences  to  be  all  sixes.  This  observation 
produced  another.  For  I  saw  that  the  terms  and  the  successive 
differences  were  generated  from  the  preceding  differences  in  the 
same  way  as  all  the  successive  terms  arise  from  the  primary  differ- 
ences, which  I  call  on  that  account  the  generating  differences, 
namely,  in  this  case  0,  1,  6,  6.  Ha\'ing  come  to  this  conclusion  it 
remained  to  find  by  what  kind  of  addition  or  multiplication,  or 
combmation  of  these,  the  successive  terms  could  be  produced  from 
the  generating  differences.  And  thus  by  solution  and  experiment, 
I  perceived  the  first  term,  0,  to  be  composed  of  the  first  generating 
difference,  0,  taken  once  or  by  itself  ;  the  second  term,  1,  to  be 
composed  of  the  first  generating  difference,  0,  taken  once  ;  and  the 
second,  1,  taken  once ;  the  third  term,  8,  of  the  first  generating 
difference,  0,  taken  once ;  the  second,  1,  taken  twice ;  and  the 
third,  6,  taken  once  ;  for 

0x1+1x2+6x1=8; 

the  fourth  term,  27,  of  the  first  generating  difference,  0,  taken  once  ; 
the  second,  1,  taken  three  times  ;  the  third,  6,  taken  three  times; 
and  the  fourth,  6,  taken  once ;  for 

0x1  +  1x3 +  6x3  +  6x1=  27; 

and  further  calculation  proved  to  me  that  this  was  general.  This 
was  the  occasion  of  my  observation,  far  otherwise  from  Mouton's 
way  of  approaching  it  ;  who  happened  upon  this  convenient  method 
of  calculation  along  with  Reynald,  when  he  was  at  work  on  the 
construction  of  his  tables.  Xor  should  either  he  or  RejTiald  have 
any  less  praise  because  Briggs  also  had  in  some  degree  turned  his 
attention  to  certain  methods  of  this  kind  in  his  logarithmic  tables, 
as  Pell  observes.  For  me,  this  much  remains  ;  that  I  may  add  some 
things  not  remarked  by  them  so  as  to  avoid  the  reputation  of  being 
a  transcriber  merely  ;  for  in  the  commonwealth  of  knowledge  it 
does  not  matter  who  made  an  observation  ;  the  thing  that  matters 
is  what  was  observed.    First  then  I  direct  attention  to  a  question 
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which  is  not  noticed  in  Mouton's  works,  and  yet  is  the  head  of  the 
whole  matter,  namely,  what  are  those  numbers  of  which  he  gives 
a  table  to  be  continued  to  infinity,  by  the  multiplication  of  which 
into  the  generating  differences  and  by  combining  the  products,  the 
terms  of  the  series  may  be  produced.  For  you  may  see,  from  the 
very  way  in  which  the  table  is  set  out  on  p.  385  of  his  book,  that 
it  has  not  been  sufficiently  examined  by  him  ;  for  otherwise  it  is 
likely  that  the  table  would  have  been  set  forth  in  such  a  way  that 
the  connection  and  harmony  of  its  numbers  would  be  apparent  ; 
unless  one  is  to  say  that  he  has  been  at  pains  to  conceal  it ;  for  a 
part  of  the  table  is  as  follows  : 


1 

2 

1 

3 

2 

1 

4 

3 

3 

1 

5 

4 

6 

4 

1 

6 

5 

10 

10 

5 

1 

7 

6 

15 

20 

15 

6 

8 

7 

21 

35 

35 

21 

9 

8 

28 

56 

70 

56 

10 

9 

36 

84 

126 

126 

11 

1 

10 

45 

120 

210 

252 

It  appears  from  this  table  that  the  relationship  of  correspondence 
of  the  generating  numbers  is  only  with  the  number  of  the  term 
generated  ;  so  that  when  the  term  is  the  fourth  it  is  produced  from 
the  first  difference  taken  once,  the  second  difference  taken  three 
times,  the  third  taken  three  times,  and  the  fourth  once  ;  and 
therefore  in  the  same  transverse  line  (4)  are  placed  the  numbers 
1,  3,  3,  1.  But  the  author  has  either  not  observed,  or  if  he  has 
observed  it  he  has  concealed  that  he  knew  the  correspondence  of 
the  numbers  if  they  are  arranged  in  columns  proceeding  from  the 
top  downwards  in  the  follo^^'ing  manner  : 
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1 

2 

1     I 

3 

1      2^ 

1 

4 

1     3 

^^ 

1 

5 

1      4 

6 

^-^ 

.1 

6 

1      f 

10 

10 

^-; 

— ■ —  I 

7 

1      6 

15 

20 

15 

^6 

8 

1     7 

21 

35 

35 

21 

9 

1     8 

28 

56 

70 

56 

10 

1      9 

36 

84 

126 

126 

11 

1     10 

45 

120 

210 

252 

For  in  this  way  their  real  and  genuine  nature  and  origin  are  apparent ; 
that  they  are  in  fact  the  numbers,  which  I  am  accustomed  to  call 
combinatorial  numbers,  of  which  I  have  written  at  length  in  my 
dissertation  on  the  art  of  combination,  and  which  others  call  the 
numerical  orders  ;  unities  in  the  first  column  ;  natural  numbers  in 
the  second  column  ;  triangular  numbers  in  the  third  column  ; 
pyramidal  numbers  in  the  fourth ;  triangulo-triangular  in  the 
fifth,  &c.,  of  which  a  whole  treatise  of  Pascal's  deals  under  the  title 
of  the  Arithmetical  Triangle  ;  in  which  nevertheless  I  have  wondered 
that  such  a  conspicuous  and  natural  property  of  these  numbers 
has  not  been  observed. 


\_Note  hy  Editors  of  the  "  Commercium  Spisfoliciim." — On  the  contrary, 
it  has  been  observed.  See  Pascal's  Arithmetical  Triangle,  published  in  Paris, 
in  the  year  1665,  p.  2,  where  the  last  definition  but  one  is  this  : 

"  The  number  in  each  cell  is  equal  to  that  of  the  cell  which  precedes  it  in 
"  the  perpendicular  column,  added  to  that  of  the  cell  which  precedes  it  in  its 
"  parallel  column.  So  the  cell  F,  that  is  the  number  in  the  cell  F,  is  equal  to 
"  the  cell  C  plus  the  cell  E ;  and  similarly  for  the  otlier  cells."] 

But  there  is  indeed  an  element  of  fortune  in  discovery,  which  does 
not  always  ofier  the  best  things  to  the  greatest  abiUties,  but  often 
gives  some  of  them  to  moderate  abihties. 

Hence  the  true  nature  of  these  numbers  and  the  construction 
of  the  table  is  perceived,  whether  concealed  or  not  by  Mouton  or 
by  Eeynald  ;  for  any  given  term  of  a  given  column  is  composed 
of  the  preceding  term  in  the  same  column  and  of  that  in  the  previous 
column  ;    and  it  also  appears,  that  it  is  not  a  work  invoh^ng  any 

s  2 
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troublesome  calculation  to  continue  the  table  set  forth  by  Mouton 
as  he  demands,  since  these  series  of  numbers  are  now  everywhere 
described  and  used  in  calculation. 

Moreover,  from  the  observation  of  Mouton  for  interpolating 
proportional  means  between  two  extremes,  I  drew  the  conclusion 
that  it  could  be  vised  for  continuing  the  extreme  numbers  themselves 
to  infinity.  He  found  a  use  for  the  rule  only  when  the  ultimate 
differences  vanish,  or  almost  vanish  ;  I,  however,  detected  innu- 
merable cases,  included  in  a  rule  which  had  been  overlooked,  where 
although  the  differences  do  not  vanish  I  can  from  given  finite 
numbers  multiplied  in  a  certain  way,  produce  the  numbers  to 
infinity  of  very  many  series. 

From  the  same  foundations,  I  can  work  out  many  problems  in 
progressions  either  in  integers  or  fractions.  For  I  can  add  and 
subtract  progressions,  and  even  multiply  and  divide  them,  and  that 
very  conveniently  : 


1 

1 

1 

1 

3 

4 

5 

6 

1 

1 

1 

1 

6 

10 

15 

21 

1 

1 

1 

1 

10 

1^0 

35 

56 

1 

1 

1 

1 

15 

35 

70 

126 

&c.  &c.         &c.  &c. 

Many  other  points  about  these  numbers  have  been  noticed  by  me, 
of  which  the  above  is  one  of  the  most  important ;  I  have  a  method 
of  finding  the  sum  of  a  series  of  fractions  decreasing  to  infinity,  of 
which  the  numerator  is  unity,  and  the  denominators  are  the 
triangular  or  pyramidal  numbers,  or  triangulo-triangular  num- 
bers, &c. 


Letter  of  13  June  1676. 

Neioton  to  Oldenburg. 
(To  be  communicated  to  Leibnitz.) 

Although  the  modesty  of  Leibnitz,  in  the  extracts  which  you 
have  lately  sent  me  from  his  letter,  attributes  great  credit  to  our 
countrymen  for  their  investigations  into  Infinite  series  of  which  there 
begins  to  be  talk  ;  nevertheless  I  feel  no  doubt  that  he  has  not 
only  discovered,  as  he  claims,  a  method  of  reducing  all  sorts  of 
quantities  into  series  of  this  kind,  but  also  a  variety  of  convenient 
processes  very  like  ours  if  not  even  better. 

But  since  he  wishes  to  know  what  discoveries  have  been  made 
in  England  in  the  subject,  and  it  happens  that  several  years  ago 
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I  engaged  in  investigations  of  this  kind,  I  have  sent  you  some  points 
that  have  occurred  to  me  so  that  I  might  meet  his  wishes  at  least 
in  some  degree. 

Fractions  are  reduced  into  infinite  series  by  di\'ision,  and  radical 
quantities  b}^  the  extraction  of  roots  ;  by  performing  these  opera- 
tions on  symbols  in  the  same  way  as  they  are  usually  performed 
on  decimal  numbers.  These  are  the  fundamental  principles  of  such 
reductions. 

But  the  extractions  of  roots  are  greatly  shortened  by  this  theorem 

,        ^  n  •2n   ,  371 

^^ILzl3j)_q+  &c. 

where  P  +  P.Q.  signifies  the  quantity  of  which  a  root,  or  a  power,  or 
a  root  of  a  power   is  to  be   found  ;  P  is  the   first  term  ;  Q  the 

remaining  terms  divided   by  the  first.     Also  --  is  the  numerical 

n 

index  of  the  power  of  P  +  P.Q.  whether  the  power  be  integral  or 

fractional,     positive    or    negative.     For    as     mathematicians    are 

accustomed  to  write  a'",  a?,  &c.,  for  a.  a,  a.  a.  a,  &c.,  so  for    J  a. 

\        -A        5  111 

Ja^,   Jc.a',  &c.,  I  write  «-,  fl^,  a'^,  tl'c,  and  for  ~,   , , 

a    a . a    a .a . a 


I  M'rite  a   \  a  ',  a   ^.     And  in  the  same  way  for 


I  write  a.axa'^  +  h.b.xl    ^  and  for 


\'c  .d^  +  h.b.x 
a.a.b 


\'  c:{a^  +  b  .b  .x)  X  {d^  +  b  .b  .  x) 


I  write  a.a.bxa  +b  .b  .x\    ».     In  the  last  case  if  d  +b  .b  .  x     ^^  be 


taken  to  stand  for  P  +  P.Q.| »   in  the  formula,  P  will  be  =  a  ;  Q  will 

be  =  —  T.-- ^ ;  m=  —2,  n  =  3.     Finally  for  the   terms  found  in  the 
a 

quotient    in     the    course    of    the    work,    I    employ    the    symbols 

A,   B,   C,   D,  &c.  ;  namely,  A  for  the  first  term,   P  " ;  B  for  the 

second,   -  -A.Q;  and  so  en   in   succession.     In  other  respects  the 
n 

use  of  the  formula  will  be  plain  from  examples. 

[The  examples,  each  of  which  is  expanded  to  several  terms,  are 

(1)  {>r  +  o4 

(2)  {c"  +  c^x  -  x;')^ .     Here  P  may  be  taken  as  (^"^  or  as  -x\ 

The  former  is  to  be  preferred  if  ./;  is  very  small ; 
the  latter  if  x  is  very  great." 


(3)  ^xy'-fry, 

(4)  {d  +  eY' 
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(5)  "In   the  same  way  simple  powers  also  are  produced." 

Kr-.id  +  ef 

(6)  "Moreover,  Division,   whether  simple   or  repeated,   is 

accomplished  by  the  same  rule." 

E,r:  -A     ={d  +  e)-' 
d  +  e 

(7)  (d  +  e)-' 

(8)  N  X  (d  +  e)    ^ 

(9)  ^Nxid  +  eV'h 

By  the  same  rule,  expansions  of  powers,  divisions  by  powers  or  by 
radical  quantities,  and  extractions  of  the  higher  roots  of  numbers, 
are  also  conveniently  performed. 


It  woidd  take  too  long  to  describe  how,  from  equations  so  reduced 
to  infinite  series,  the  areas  and  the  lengths  of  curves,  the  volumes  and 
the  surfaces  of  soKds,  or  of  any  segments  of  any  figiires,  and  their 
centres  of  gravity,  may  be  determined  ;  and  also  how  all  mechanical 
curves  can  be  reduced  to  equations  of  infinite  series  of  this  kind, 
and  problems  concerning  them  resolved  just  as  if  they  were  geo- 
metrical curves.  It  may  suffice  to  re\'iew  some  specimens  of  such 
problems  ;  and  in  these  I  shall  sometimes  for  the  sake  of  brevity 
use  the  letters  A,  B,  C,  D,  &c.,  to  indicate  the  successive  terms  of 
a  series  taken  from  the  beginning. 

(Nine  problems  are  discussed.  The  first  three  relate  to  trigono- 
metrical functions,  and  the  next  three  to  the  ellipse  ;  the  eighth 
to  the  quadratrix,  and  the  ninth  to  the  spheroid.  The  seventh  is 
as  follows)  : 

(7)  if  C  D  be  an  hyperbola,  whose  asymptotes  EB,  EF  make 
the  right  angle  BEF  ;  and  if  on  EB  are  erected  perpen- 
diculars AC,  BD,  meeting  the  h^^perbola  in  C  and  D  ;  and 
if  EA  be  called  a ;  AC,  h  ;  and  the  area  CADB,  z  ; 

AB  will  be-  I  +  ^  +  ^-i~  +  ^,  +  ^,  +,  &e. 

Where  the  coefficients  of  the  denoininators  arise  from  the  multi- 
plication into  one  another  continuously  of  the  terms  of  the  A. P. 
1,  2,  3,  4,  5,  &c.  And  hence  from  a  given  logarithm  the  number 
corresponding  to  it  can  be  found. 


From  these  examples  it  may  be  seen  how  the  bounds  of  Analysis 
are  enlarged  by  means  of  infinite  equations  of  this  kind  ;  indeed, 
by  their  aid  the  method  extends,  I  had  almost  said,  to  all  problems 
except  Diophantine  and  similar  questions.     The  method  however 
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is  not  quite  general  except  by  means  of  certain  further  methods 
of  forming  series.  For  there  are  problems,  in  which  one  cannot 
arrive  at  infinite  series  by  di\dsion,  or  by  the  extraction  of  roots, 
simple  or  afiected.  But  there  is  no  time  to  say  what  the  procedure 
should  be  in  such  cases  ;  nor  to  describe  some  other  things  which 
I  had  devised  relating  to  the  reduction  of  infinite  into  finite  series, 
when  the  nature  of  the  case  permits.  For  I  am  writing  somewhat 
briefly  because  these  speculations  have  begun  for  some  time  past 
to  be  less  interesting  to  me,  so  that  indeed  I  have  abstained  from 
them  now  for  almost  five  years. 

Nevertheless  I  shall  add  one  point ;  that  after  any  problem  is 
expressed  in  terms  of  an  infinite  equation,  then  various  approxima- 
tions for  mechanical  use  can  be  found  with  hardly  any  labour  ; 
which  when  sought  by  other  methods  usually  involve  much  labour 
and  the  expenditure  of  time. 

[The  letter  concludes  with  an  investigation  of  Huygen's 
approximate  formula  for  the  length  of  the  arc  of  a  circle  : 

If  A  be  the  chord  of  the  arc,  B  the  chord  of  half  the  arc,  and  r 
the  radius,  then  if  z  be  the  length  of  the  arc, 

z=  with  an  error  less  than  -—^ — 7  in  excess  : 

3  7680?'^ 

and  some  further  approximations  are  given  relating  to  the  circle, 
the  ellipse,  and  the  h}^erbola]. 


Letter  of  24  October  1676. 

Newton  to  Oldenburg . 
(To  be  communicated  to  Leibnitz.) 


I  could  hardly  say  with  how  much  pleasure  I  have  read  the 
letters  of  those  illustrious  men,  Leibnitz  and  Tschirnhausius. 

The  method  by  which  Leibnitz  obtains  convergent  series  is  very 
elegant  indeed,  and  would  have  shown  the  ability  of  the  author  if 
he  had  wTitten  nothing  else.  But  remarks,  most  worthy  of  his 
reputation,  which  occur  here  and  there  in  his  letter,  lead  us  to  hope 
for  the  greatest  things  from  him.  The  diversity  of  methods  by  which 
the  same  results  are  obtained  is  all  the  more  attractive  because 
three  methods  had  already  become  known  to  me  of  arriving  at 
series  of  this  kind  ;  so  that  I  hardly  expected  that  anything  new 
could  be  communicated  to  us. 

One  «f  my  methods  I  described  in  my  former  letter  ;  now  I  add 
another  ;  that,  indeed,  by  which  I  was  first  led  to  these  series  ; 
for  I  was  led  to  them  before  I  discovered  the  division  (of  fractions) 
and  the  extractions  of  roots  which  I  now  use.  And  in  the  explana- 
tion of  the  Theorem  which  was  set  forth  at  the  beginning  of  my 
former  letter  is  to  be  found  the  foundation  which  Leibnitz  desires 
from  me. 

At  the  beginning  of  my  mathematical  studies,  when  I  had 
fallen  in  with  the  works  of  our  celebrated  Wallis  and  came  to  consider 
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the  series  by  the  interpolation  of  which  he  brings  out  the  areas  of 
the  circle  and  of  the  h}'perbola,  since  in  the  series  of  curves  whose 
basis  or  common  axis  is  x  and  whose  ordinates  are  : 

(1-;^^)^,   {l-,-')K   {l-x'A   {l-S,   il-S,   i\-S,    ^:c., 
if  the  areas  of  the  alternate  curves,  which  are 

X,  X--X,  x--af  +  -zx  ,  X--X  +-X  -~x,  (fee, 
3  3         5  3         5         7 

can  be  interpolated  we  should  have  the  areas  of  the  intermediate 

1 

curves  the  first  of  which,  (l  -.r")^,  is  the  circle;  1  noted  for  these 
interpolations  that  in  every  case  the  first  term  was  x,   that  the 

second  terms    -x^,  -x^,  -x^,  ~  x^,  &c.,  Avere  in  A.P.  :   and  accord- 
3    '   3    '   3    '   3    ' 

ingly  that   the    two  first   terms  of   the  series  to  lie    interpolated 

"^'"'^  ^^^  1    ..^  Sx'      .    5x'    , 

X ,    X ,   X ,    &c. 

2    3  2  3  2  3 

For  the  insertion  of  the  remaining  terms  I  considered  that  the 
denominators  1,  3,  5,  7,  <fec.,  were  in  A.P.  ;  and  so  the  numerical 
coefficients  had  to  be  investigated  for  the  numerators  only.  But 
in  the  given  alternate  areas  these  were  the  figures  which  express  the 
powers  of  the  number  11  ;  namely,  1  ;  1,  1  ;  1,  2,  1  ;  1,  3,  3,  1  : 
1,  4,  6,  4,  1,  &c. 

Then  I  set  myself  to  enquire  how  in  these  groups  of  figures  when 
the  first  two  terms  of  a  group  were  given  the  rest  could  be  derived. 
And  I  found  that  assuming  the  second  figure  to  be  m  the  rest  would 
be  produced  by  the  continuous  multiplication  of  the  terms, 

m  -  0      m  -I      m  -  2      m  -  3      m  -  4         „ 

X X X    X  X  ,  cVC. 

12  3  4  5 

For  example,  let  the  second  term  m  be  =  4  ;  then  the  third  term 

will  be  4  X  ,  that  is  6  ;  and  the  fourth   6  x  -- — "',  that  is  4  ; 

2     '  3     ' 

and  the  fifth,  4  x  ,  that  is  1  :  and  the  sixth,  1  x   -  — ,  that  is  0  : 

4  5 

with  which  the  series  in  this  case  terminates. 

I  applied  this  rule  therefore  to  obtain  the  intermediate  series. 

1  X  •    1 
And  since  for  the  circle  the  second  term  was  -  •  -,  I  put  m  =  -  and 

2  3  2 

1_1  I_2 

the  resulting  terms  were      x ,  or  -   -:    -  -  x  "^ ,  or  — ; 

2  2  8  8  3  16 

12  5 

— -  X  or ;  and  so  on  to  infinity,  whence  I  found  that  the 

16  4  128 


1919.]  Netvto7i's  Inteiyolation  Formulas.  225 

area  sought  for  the  segment  of  a  circle  was 

2  3       8  5       16  7        128  9  '  '  ^' 

By  the  same  method  also  the  intermediate  areas  of  the  remaining 
curves  are  obtained  ;  as  also  the  area  of  the  hyperbola  and  other 
alternate  terms  in  this  series, — 

(1  +.r-)2,  (1  +.or>,  (1  +.T-)5,  (1  +f-)2,  Sec. 

And  the  method  for  obtaining  intermediate  series  in  other  cases 
is  the  same,  whether  the  intervals  between  two  terms  or  more  are 
wanting. 

This  was  my  first  entrance  into  these  speculations,  which  would 
have  quite  passed  out  of  my  memory  had  I  not  cast  my  eyes  on 
certain  memoranda  a  few  weeks  ago. 

But  when  I  had  obtained  these  results,  I  soon  began  to  consider 

0  2  4  6 

that  the  terms  {l-or)-,  {l-x^}-,  (l-a;-)^,  (l-or)-,  could  be 
interpolated  in  the  same  manner  as  the  ai-eas  generated  by  them ; 
and  for  this  nothing  more  Avas  necessary  than  the  omission  of  the 
denominators  1,  3,  5,  7,  &c.,  in  the  terms  expressing  the  areas. 
That  is  to  say,  the  coefficients  of  the  terms  of  the  quantity  to  be 

1  3 

interpolated,  (l  -or)'^,  or  (l  -./r)^,  or  generally  (l  -.r)"\  arise  from 
the  continuous  multiplication  of  the  terms  of  this  series, 

III  -  1      m-  2      m-  3 

m  X  X  X  

2  3  4 

So,  for  example, 

(l-.'-^)2  =  l_  ^j^-l,^-±:^,  &c. 
2         8  16 

_  ,,-)2  =  1  _  -:r  +     .ly  +  —  x  ,  See. 
2         8         16 

In  this  way  therefore  the  general  reduction  of  radical  expressions 
into  infinite  series  became  known  to  me  by  the  rule  which  I  set 
forth  at  the  beginning  of  my  former  letter,  before  I  discovered  the 
extraction  of  roots.  But  when  I  had  learned  this,  the  other  could 
not  long  be  concealed.     For  in  order  that  I   might  prove   these 

operations  I  multiplied    l-'-x'-  -x*—  — :/',  &c.,  into  itself  and 
^    ^  2  8  16    ' 

the  result  was  (l-./r),  the  remaining  terms  to  infinity  vanishing 

throughout  the  continuation  of  the  series.     And  in  the  same  way 

1 --.'/- -a;"*- r:^./;*^,    t^-c,    multiplied    twice   into   itself  produced 

(1-..;^). 

When  I  was  sure  of  the  demonstration  of  these  conclusions 
I  was  led  to  try  on  the  other  hand  whether  these  series  which  it 
proved  to  be  roots  of  the  quantity  (1  -.'-)  could  not  be  extracted 
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from  it  in  the  arithmetical  manner  ;  and  the  attempt  was  quite 
successful.  The  form  of  the  operation  in  the  case  of  the  square 
root  was  this  : 

2  8  16         ' 


0- 

-x' 

4 

-  Kr^ 

4 

-\"^ 

1 

8 

■*^  + 

1 

64' 

/;*^ 

♦        _ 

1 

8" 

.6  _ 

1  ^ 

64' 

K^ 

After  realizing  these  consequences  I  entirely  neglected  the  inter- 
polation of  series  ;  and  employed  only  these  operations,  as  being 
more  essentially  fundamental.  Nor  was  reduction  by  division 
concealed  from  me,  a  method  very  easy  to  use. 

But  I  soon  attacked  the  solution  of  afiected  equations,  and 
obtained  that  also  ;  from  which,  the  ordinates,  the  segments  of 
the  areas  and  any  other  lines  became  known  at  once  when 
the  areas  or  arcs  of  the  curves  were  given.  For  the  regression  to 
these  results  required  nothing  beyond  the  solution  of  the  equations 
by  which  the  areas  or  arcs  were  given  in  terms  of  the  given  lines. 

At  that  time  the  increasing  plague  (which  fell  in  the  years 
1665,  1666)  compelled  me  to  fly  from  this  place  and  to  turn  my 
thoughts  to  other  things.  Nevertheless,  immediately  afterwards 
I  produced  a  scheme,  which  I  here  subjoin,  for  the  calculation  of 
logarithms  from  the  area  of  the  hj'perbola.  Let  dFD  be  a  hyperbola 
whose  centre  is  C,  vertex   F,    and  intercepted    square   CAFE  =  1. 


(x  AB     fyS  P 


[The  completion  of  the  square,  and  the  letter  E  do  not  occur  in 
Newton's  diagram.] 
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In  AC  take  AB  and  Ah  on  one  side  and  the  other,  =  —  or  01  ;  and 

ha\ang  erected    the    perpendiculars  BD,  hd,  with   their   extremities 
on  the  hyperbola,  the  semi-sum  of  the  spaces,  AD  and  Ad 

^  ,      0-001      0-00001      0-0000001     f 
=  0-1  -I-  ^^  +  --—  + ^--,  &c.  ; 

and  their  semi-difference 

0-01      0-0001      0-000001       0-00000001     „ 
=  ^  +  -T-+— 6"  +  8 '*" 

And  the  calcuhition  of  these  terms  gives  the  following  results  : 

0-100,  000,  000,  000,  0  0005,  000,  000,  000,  0 

333,  333,  333,  3  25,  000,  000,  0 

2,  000,  000,  0  166,  666,  6 

14,  285,  7  1,  250,  0 

111,  1  10,  0 

9  1 


0-100,  335,  347,  731,  0  0-005,  025,  167,  926,  7 

The  sum  of  these  0-105,  360,  515,  657,  7,  is  A(/;  and  their 
difference  0095,  310,  179,  804,  3,  is  AD.  And  in  the  same  way 
AB  and  Ah  being  taken  on  one  side  and  the  other  =0-2,  Ar/'^vill  be 
found  =0-223,  143,  551,  314,  2  ;  and  AD  =  0-182,  321,  556,  793,  9. 
After  the  hyperbolic  logarithms  of  the  four  decimal  numbers 
0-8,    0-9,    1-1,    and    1-2,    have  been   obtained  in  this  way;    since 

i-2       1-2 

X  —  =  2  ;  and  0-8  and  0-9  are  less  than  unity,  liy  adding  their 
0-8      0-9  J,     J  ^ 

logarithms  to  twice  the  logarithm  of  1-2,  you  get  0-693,  147,  180, 
559,    7    as   the    hyperbolic  logarithm    of    the    number    2.     Since 

9x2x2 

- — ~ — ^  =  10,  by  adding  the  logarithm  of  0-8  to  three  times  the 

logarithm  of  2  you  will  get  2-302,  585,  092,  993,  3  the  logarithm 
of  the  number  10  ;  and  then  by  addition  the  logarithms  of  the 
numbers  9  and  1 1  are  at  once  obtained,  and  thus  the  logarithms 
of  all  these  prime  numbers,  2,  3,  5,  11,  are  ready  at  hand.  And 
further,  simply  by  the  depression  of  the  numbers  used  in  the 
decimal  calculation  detailed  above,  and  by  addition,  the  logarithms 
of  the  decimal  numbers  0-98,  0-99,  1-01,  1-02,  are  obtained  ;  as 
also  of  the  decimal  numbers  0-998,  0-999,  1-001,  1-002  ;  and  thence 
by  addition  and  subtraction,  the  logarithms  of  the  prime  numbers 
7,  13,  17,  37,  &c.,  are  obtained.  Which,  together  with  those  found 
above,  when  divided  by  the  logarithm  of  the  number  10  give  the 
true  logarithms  for  insertion  in  a  table.  But  these  I  afterwards 
obtained  more  exactly. 

[Foofiio/e  hy  F.ditorf  of  "'  Cummer(  inm  Hpistolicum"      Tide  "  Geometriani 
Analvticam  ",  Cap.  ix,  pp.  36-18.] 
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I  am  ashamed  to  say  to  what  a  number  of  decimal  places  I 
carried  these  calculations  being  then  at  leisure.  For,  indeed,  I  took 
too  much  pleasure  at  that  time  in  these  investigations.  But  when 
the  ingenious  Logarithmotechnia  of  Nicholas  Mercator  appeared 
(whom  I  suppose  to  have  been  the  first  discoverer  of  his  methods), 
I  began  to  take  less  interest  in  them  ;  imagining  that  he  was 
acquainted  with  the  extraction  of  roots  as  well  as  the  division  of 
fractions  ;  or  that  others,  once  the  method  of  division  had  been 
brought  to  light,  would  soon  discover  the  rest  before  I  was  of 
mature  age  for  writing. 

\¥ootnote  hy  'Editors  of"  Commercium  'EjnstoUcnm." — Earlier  mathematicians 
discovered  this  theorem,  that  the  sum  of  the  terms  of  a  Geometrical  Progression 
proceeding  to  infinity,  is  in  the  same  ratio  to  the  first  and  greatest  of  the  terms, 
afi  this  term  is  to  the  difference  between  the  first  and  second  terms.  This  is 
proved  arithmetically  by  multiplying  the  extremes  and  means  of  the  ratio. 
Wallis  proved  it  by  dividing  the  product  of  the  means  by  the  last  term  of  the 
ratio.  See  the  Opus  Arithmeticum  of  Wallis,  published  in  1657,  Cap.  xxxiii,  §  .36. 
By  using  Wallis'  method  of  division,  Mercator  proved  and  extended  the  quadrature 
of  the  hyperbola,  previously  discovered  by  Brounker.  And  Gregory  proved  the 
same  geometrically.  But  none  of  these  discovered  the  general  method  of  finding 
the  areas  of  curves.  Mercator  nowhere  claimed  this.  Gregory  who  was  admittedly 
a  man  of  the  greatest  ability,  and  who  had  his  attention  drawn  to  the  subject  by 
the  letters  of  Collins,  at  length  and  with  difficulty  found  a  method  of  this  kind. 
Newton  fomid  it  by  the  interpolation  of  series,  and  afterwards  by  the  divisions 
and  extractions  of  roots  as  being  more  familiar.] 

At  the  time  when  that  book  appeared,  a  compendium  of  the 
method  of  these  series  was  communicated  to  ColUns  by  my  friend 
Barrow,  the  Professor  of  Mathematics  at  Cambridge.  In  that 
compendium  I  had  shown  how  the  areas  and  lengths  of  all  curves 
and  the  surfaces  and  volumes  of  solid  bodies  could  be  found  from 
their  given  ordinates,  and  vice  versa,  how  the  ordinates  could  be 
found  if  the  areas,  &c.,  were  given  ;  also  I  had  illustrated  the 
method  there  given  by  various  series. 

A  regular  correspondence  having  thereupon  sprung  up  between 
us,  Collins,  who  was  devoted  to  the  promotion  of  mathematical 
knowledge,  did  not  cease  to  urge  that  I  should  make  these  results 
public.  And  five  years  ago  (1671)  when  on  the  advice  of  my  friends 
I  was  planning  the  publication  of  a  treatise  on  the  refraction  of  light 
and  on  colours  which  I  then  had  in  readiness,  I  began  again  to 
think  of  these  series  and  wrote  a  treatise  on  them  with  the  intention 
of  publishing  both  together. 

But,  arising  out  of  the  catadioptric  telescope,  after  I  had  written 
you  a  letter  in  which  I  briefly  explained  my  ideas  on  the  subject 
of  light ;  something  unexpected  brought  it  about  that  I  felt  it  to 
be  of  importance  to  me  to  write  to  you  hastily  about  the  printing 
of  that  letter.  And  the  number  of  questions  that  immediately 
arose,  through  letters  of  various  people  crammed  with  objections, 
&c.,  deterred  me  entirely  from  my  plan  ;  and  had  the  result  that 
I  accused  myself  of  imprudence,  because  by  grasping  at  the  shadow 
I  had  lost  my  peace,  a  thing  of  real  substance. 

About  that  time  James  Gregory,  from  a  single  series  of  mine 
which  Collins  had  sent  him,  arrived  at  the  same  method,  after,  as 
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lie  said  in  a  letter  to  Collins,  a  great  deal  of  consideration  ;  and  he 
left  a  treatise  on  the  subject  which  we  hope  will  be  published  by 
his  friends.  For,  from  the  ability  he  possessed  he  could  not  but 
add  much  new  matter  of  his  own,  and  it  is  of  importance  in  the 
interests  of  mathematical  knowledge  that  it  should  not  be  lost. 
Moreover,  I  had  not  completely  finished  my  treatise  when  I  desisted 
from  my  plan  ;  nor  to  this  day  has  my  mind  returned  again  to  the 
things  that  were  left  to  be  added.  That  part  indeed  was  wanting 
in  which  I  had  proposed  to  explain  the  method  of  solving  problems 
which  could  not  be  reduced  to  quadratures  ;  granted  that  I  might 
have  done  something  towards  the  foundation  of  it.  Moreover, 
infinite  series  did  not  occupy  much  space  in  that  treatise. 


Although  many  things  remain  to  be  investigated  about  methods 
of  approximation,  and  about  difierent  kinds  of  series  which  mav 
serve  for  that  purpose  ;  nevertheless  I  should  hardly  hope  with 
Tschirnhausius  that  simpler  or  more  general  methods  of  reducing 
quantities  to  the  kind  of  series  in  question  can  be  given  than  the 
divisions  and  the  extractions  of  roots,  which  Leibnitz  and  myself 
use  ;  at  any  rate  not  more  general,  because  for  quadrature  and 
rectification  of  curves  and  similar  questions,  no  series  can  be  given 
depending  on  these  simple  algebraical  terms  (involving  only  one 
indefinite  quantity)  which  it  is  not  possible  to  obtain  by  this 
method. 

For  the  number  of  convergent  series  for  the  determination  of 
the  same  quantity  cannot  be  greater  than  the  number  of  indefinite 
c|uantities  from  the  powers  of  which  the  series  are  produced,  and 
I  am  acquainted  with  methods  of  obtaining  a  series  from  any 
indefinite  quantity  that  may  be  employed  ;  and  I  beHeve  that 
Leibnitz  also  has  that  in  his  power. 

For  although  by  my  method  there  is  a  free  choice,  for  the 
construction  of  the  series,  of  any  indefinite  quantity  on  which  the 
question  depends,  and  the  method  which  he  has  communicated  to 
us  seems  to  be  adapted  for  the  choice  of  such  indefinite  cjuantities 
as  can  conveniently  be  reduced  to  fractions,  which,  by  division 
only,  produce  infinite  series ;  nevertheless  any  other  indefi.nite 
c[uantities  whatever  can  be  employed  for  the  construction  of  series 
by  means  of  the  method  used  for  the  solution  of  affected  ecj[uations, 
provided  they  are  solved  in  appropriate  terms,  that  is  by  construct- 
ing the  series  only  from  terms  which  are  involved  in  the  question. 

Moreover,  I  do  not  see  why  it  should  be  said  that  by  using 
these  divisions  and  resolutions,  problems  are  solved  by  accident, 
since  these  operations  have  the  same  relation  to  this  kind  of  algebra 
as  the  common  operations  of  arithmetic  to  ordinary  algebra. 

But  as  regards  simplicity  of  method  ;  I  would  not  have  fractions 
and  radicals  resolved  invariably  into  infinite  series  without  previous 
reduction  ;  when  comphcated  quantities  occiir,  all  lands  of  reduc- 
tions are  to  be  tried  ;  whether  by  increasing,  diminishing,  multi- 
pl^ning  or  di\nding  the  indefinite  quantities  ;  or  by  Leibnitz'  method 
of  transmutation  ;    or  by  any  other  method  which  may  happen  to 
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fit  the  case  ;  and  then  resolution  into  series  will  be  suitably  employed 
by  division  and  extraction. 

Moreover,  efforts  should  specially  be  made  to  reduce  the  deno- 
minators of  fractions,  and  quantities  under  the  radical  sign,  to  the 
fewest  and  least  compUcated  terms  possible  ;  and  to  such  also  as 
are  most  rapidly  expanded  into  convergent  series,  although  the 
roots  may  be  neither  converted  into  fractions  nor  depressed.  For 
by  the  rule  given  at  the  beginning  of  the  earlier  letter,  the  extraction 
of  the  highest  roots  is  as  simple  and  easy  as  the  extraction  of  the 
square  root  or  division  ;  and  series  which  result  from  division  are 
usually  the  least  convergent  of  all. 

Hitherto  I  have  spoken  of  series  involving  only  one  indefinite 
quantity.  But  series  can  also  by  the  method  investigated  be  con- 
structed at  pleasure  from  two  or  from  more  indefinite  quantities. 
Moreover,  by  the  aid  of  the  same  method  series  can  be  formed  for 
all  curves,  of  a  character  similar  to  the  series  given  by  Gregory  for 
the  circle  and  hyperbola  ;  that  is  series  of  which  the  final  term  gives 
the  area  sought.  But  I  would  not  willingly  undertake  this  calcula- 
tion. 

Finally,  series  can  be  derived  from  complex  expressions  by  the 

same  method.  As  for  example,  if  ^Jar  -  ax+  —  be  the  ordinate  of 
any  curve,  I  put  o?  -ax  =  z~,  and  the  extraction  of  the  square  root 
of  the  binomial,  ,r-i-  '-,  will  produce  z-v  -^  -  ^-^3,  &c. 

All  the  terms  of  this  series  can  be  cjuadrated  by  the  theorem 
already  described.  But  I  attach  little  importance  to  this  method 
because  when  simple  series  are  not  obtainable  with  sufficient  ease, 
I  have  another  method  not  yet  published  by  which  the  problem  is 
easily  dealt  with.  It  is  based  upon  a  convenient,  ready  and  general 
solution  of  this  problem,  To  describe  a  geometrical  curve  which  shall 
pass  through  any  given  points. 

Euclid  has  shown  how  to  describe  a  circle  through  three  given 

points.     Also  a  conic  section  can  be  described  through  five  given 

points  and  a  curve  of  three  dimensions  through  seven  given  points  ; 

so  that  I  have  in  my  power  a  description  of  all  the  curves  of  that 

order  which  are  determined  by  seven  points  only.     These  are  done 

at  once  by  geometrical  methods,  without  any  calculation.    But  the 

above  problem  is  of  another  kind,  and  although  it  may  seem  to  be 

intractable  at  first  sight,   it  is  nevertheless  quite  the  contrary  ; 

perhaps  indeed  it  is  one  of  the  prettiest  problems  that  I  can  ever 

hope  to  solve. 

***** 

Nor   when   he    [i.e.,    Leibnitz]    divides    this    series 

^  ^  ~3  y4 


V2  +  c„-'7.3   +   .T  ,^37  4   +  J  '^^■' 


does  he  seem  to  have  observed  my  general  method  of  using  letters 
in  the  place  of  quantities  affected  with  their  signs  +  and  -  .     For 
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since  the  hyperbolic  area  AD,  here  signified  by  :,  is  positive  or 
negative  according  as  it  lies  on  one  or  the  other  side  of  the  ordinate 
AF  :  if  that  area  given  in  numbers  is  /,  and  I  is  substituted  for  :  in 

/         l^  f  l^ 

the  series,  the  result  will  be  either  ,  -\ -,  +  -  ^^75  +  ^  .  „,.  +  ,  &c., 

,         ,2           73              li  h      '^ab       ^ah^      Ma%^ 

or    -  -H 7^5 ^7^  H 571,  &c.,   according   as  /  is  positive   or 

negative.     This  being  understood,  if  a=\=h,  and  I  stands  for  the 

hyperbolic   logarithm,    the   number    corresponding    to   it   will    be 

I       t"      f       P"  .  .  .  I       I'      f      Z* 

1  +  -  +  — \-  ~  -\ ,  &c.,  if  I  be  positiv^e  ;  and  1--H 1-  — , 

1       2       6       24'        '  '  1       2      6      24' 

&c.,  if  I  be  negative.  In  this  way  I  avoid  the  multiplication  of  theorems, 

which  otherwise  would  increase  to  an  extraordinary  degree.     For 

to  take  an  example,  that  one  theorem  which  I  gave  above  [omitted 

from  the  present  version]  for  the  quadrature  of  curves  would  be 

resolved   into   32,   if   it   were  multiplied  in   accordance  with   the 

variations  of  sign. 

Moreover,  I  do  not  yet  understand  what  my  eminent  friend  says 

about  finding  a  number,  greater  than  unity,  from  its  hyperbolic 

logarithm  by  the  use  of  the  series 


I  f  f  I' 


1       1x2       1x2x3       1x2x3x4 

rather  than  by  the  use  of  the  series 

I         /■-                I'  I' 

+  : r  +- 7 T  + 


+  ,  &c., 


1      1x2      1x2x3      1x2x3x4 

For  if  one  term  more  be  added  to  the  latter  series  than  to  the 
former,  the  latter  will  give  a  better  approximation.  And  certainly 
it  is  less  laborious  to  calculate  one  or  two  figures  of  this  additional 
term  than  to  divide  unity  by  the  number  extended  to  many  decimal 
places,  derived  from  the  hyperbolic  logarithm,  in  order  that  the 
required  number  greater  than  unity  may  then  be  obtained.  There- 
fore let  either  series,  if  it  be  right  to  speak  of  two,  be  employed  for 
its  appropriate  work.     Nevertheless  the  series 

I  f  I'  „ 

-  H 1- ,   &C., 

1       1x2x3       1x2x3x4x5 

depending  on  half  the  terms  can  be  best  employed,  since  this  will 
give  the  semi-difference  of  two  numbers  ;  from  which,  and  from 
the  given  rectangle  either  number  is  given.     So  also  from  the  series 

■       ^         ''  /^  . 

+  -. ; ^ 7.    ^^-y 


1x2       1x2x3x4 

the  semi-sum  of  the  numbers  is  given,  and  thence  the  numbers 
themselves.  From  which  arises  a  relation  between  the  two  series 
so  that  when  one  is  given  the  other  is  found. 
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From  the  following  simple  process  which  depends  on  such 
series,  you  will  readily  agree  that  the  construction  of  logarithms 
need  not  be  attempted  in  any  other  way. 

By  the  method  previously  explained  the  h^'perbolic  logarithms 
of  the  numbers  10,  '98,  -99,  I'Ol,  1-02  are  investigated,  which  would 
occupy  an  hour  or  so.  Then,  dividing  the  logarithms  of  the  four 
last  numbers  by  the  logarithms  of  the  number  10,  and  adding  the 
index  2,  the  true  logarithms  of  the  numbers  98,  99,  100,  101,  102 
are  obtained  for  entry  in  a  table.  These  are  to  be  interpolated  by 
intervals  of  one-tenth  [Hi  per  dena  intervaUa  interpoloMdi  sunt)  and 
the  logarithms  of  all  numbers  between  980  and  1,020  will  be  found  ; 
the  numbers  between  980  and  1,000  being  again  interpolated  by 
intervals  of  one-tenth,  the  table  will  so  far  be  constructed.  Then 
from  these  are  to  be  collected  the  logarithms  of  all  the  primes,  less 
than  100,  and  their  multiples  ;  for  which  nothing  but  addition  and 
subtraction  are  required.    Thus  : 


10/9984  X  1020 


4/8x9963^3       _1^^5.  J98      ^  _^^U: 

'\      984  '2             '  V  2              '9 

13-      _102_  ^^^^  ^88^^,9^  ^936^^23     _i86_^^o9; 

6  4x  13  16x27           '2x17 

31;      ^9^  =37;^=41;-^=43;-^=47; 

32                    '27  '      24              '       23                     21 

9911            ^o         9971  .Q      9882       ..  9949        „^       994       ^, 


llx  17  '     13x  13  '2x81  3x49  14 

9928        ^.3.     ^95^^79.^96_^g3.     196^^89.1894^^9, 


8x  17  '7x18  12  7x  16  '6x17 

And  so,  having  found  the  logarithms  of  all  numbers  less  than  100, 
it  remains  only  to  interpolate  these  also  once  and  again  by  intervals 
of  one-tenth. 


[After  a  section  on  the  construction  of  Trigonometrical  Tables 
the  following  paragraph  occurs  ]  : 

What  has  been  said  about  Tables  of  this  kind  can  be  applied 
to  others  where  Geometrical  considerations  have  no  place. 
Moreover,  it  is  sufficient  by  means  of  these  series  to  calculate 
30  or  20,  or  even  fewer  terms  at  suitable  distances  apart,  since 
the  intermediate  terms  are  easily  inserted  by  a  method  which 
I  had  almost  decided  to  describe  here  for  the  use  of  computers. 
But  I  pass  on  to  other  matters. 
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Notes  on  some  recent  developments  of  Pension  Problems  in 
America.     By  W.  J.  H.  Whittall,  F.I.A.,  F.A.S. 

The  Carnegie  Foundation  {continued  from  ^p- 117). 

OUMMAEIZING  the  policy  of  the  Carnegie  Foundation  it  is 
seen  that  it  covers  the  following  fundamental  principles  :  (i)  that 
contributions  by  the  employed  are  not  only  necessary,  but  desirable 
in  themselves  ;  (ii)  that  death  benefits  are  desirable  ;  (iii)  that 
the  proper  method  of  procedure  is  by  contractual  methods  {i.e., 
by  what  we  should  call  the  money  purchase  method),  based  on 
contributions  provided  in  advance  ;  (iv)  that  the  reward  for 
past  service  must  be  separately  provided  for ;  and  (v)  that  dis- 
ablement must  be  regarded  as  a  separate  problem.  In  all  these 
respects  the  conclusions  are  exactly  the  same  as  those  arrived 
at  independently,  after  a  long  argument,  in  the  Report  on 
Hospital  Officers'  Pensions,  recently  published  by  King  Edward's 
Fund. 

Of  the  points  I  have  enumerated  the  first  appears  to  me  to 
be  the  most  important.  The  Carnegie  Foundation  appears  to 
have  faced  this  question  boldly  and  have  actually  converted  the 
Teachers  as  a  class  to  the  view  that  contributions  are  not  only 
necessary,  but  desirable  in  themselves.  The  Joint  Commission, 
which  included  representatives  of  the  University  professors,  laid 
down  the  fundamental  principle,  as  a  "  primary  obligation  of 
the  existing  social  order,"  that  the  individual  shoul^  provide 
protection  for  himself  and  for  his  family.  To  this  they  added 
that  the  employer  must  assume  some  part  of  the  obhgation. 
The  Carnegie  Trustees  go  further,  and  assert  (i)  that  no  system 
of  free  pensions  can  be  devised  which  will  not  in  the  end  affect 
the  teacher's  pay  ;  (ii)  that  a  contributory  system  is  the  only 
one  which  society  can  permanently  support,  and  (iii)  that, 
according  to  the  "  experience  of  the  world,"  any  group  in  the 
body  politic  receive  their  best  service  from  society  if  they  are 
assisted  to  economic  independence. 

The  amended  rules  of  the  Carnegie  Foundation  have  recently 
reached  me.  Its  method  of  reducing  its  own  comnfitments  for 
the  existing  staffs  is  to  increase  the  age  of  retirement  to  70,  with 
the  option  of  smaller  allowances  at  earlier  ages.  This  solution 
of  their  difficulty  will  of  course  leave  the  beneficiaries  free 
to  supplement  their  pensions  on  their  owti  account  by  contri- 
buting to  the  new  Association  for  annuities  in  respect  of  their 

VOL.   LI.  T 


234  Notes  on  some  recent  developments  of  [April 

future  semce.  As  regards  all  new  appointments  the  Founda- 
tion will  guarantee  an  average  return  of  4|  per-cent  on  pay- 
ments made  to  the  Teachers'  Association  for  deferred  annuities, 
and  definitely  undertakes  the  provision  of  the  disability 
allowances.  On  disability,  the  teacher  will  assign  his  annuity 
pohcy  to  the  Foundation  and  will  receive  an  immediate  annuity 
of  two-thirds  of  the  amount  of  the  ultimate  benefit  therein 
assured.  This  undertaking  is  limited  to  the  next  20  years, 
after  which  time  the  Trustees  think  that  experience  ^411  enable 
the  disabihty  risk  to  be  measured  actuarially  and  contracted 
for  by  the  Teachers'  Association.  No  suggestion  is  made  that 
the  Death  Benefit,  if  any,  assur-ed  in  the  Association  should  be 
assigned  to  the  Foundation  or  that  this  should  in  any  way  be 
co-ordinated  "s^'ith  the  other  assets  to  provide  disabihty  benefit 
in  the  manner  suggested  by  Mr.  F.  L.  Collins  in  the  Report 
on  Hospital  Officers  to  King  Edward's  Fund.  On  the  contrary, 
there  is  to  be  a  special  pro\'ision  in  all  the  Insurance  Contracts 
of  the  Teachers'  Association  that  the  policy  shall  continue 
in  full  force  without  further  payment  of  premiums  in  the  event 
of  complete  disabihty  before  age  65.  It  would  thus  seem  to 
be  the  intention,  in  that  event,  to  preserve  for  the  assm-ed  the 
full  benefit  of  such  insui-ance  as  he  may  have  efiected.  The 
British  Offices  who  make  a  speciahty  of  catering  for  pension 
schemes  might  well  consider  the  possibihty  of  pro^'iding  for  this 
contingency. 

The  d.etailed  "  Handbook  of  the  Teachers'  Insurance  and 
Annuity  Association  of  America  "  gives  effect  to  the  scheme 
on  the  fines  already  indicated. 

It  is  perhaps  to  be  regretted  that  the  Life  Insurance  Com- 
panies of  the  United  States  cannot  have  the  opportunity  of 
contributing  towards  the  solution  of  these  pension  problems. 
Our  experience  here  is  that  such  companies,  with  their  widespread 
interests  and  estabhshed  businesses,  are  in  a  better  position  to 
enter  into  annuity  contracts  than  any  new  organization  can  be. 

As  the  Carnegie  Foundation  supplementary  benefits  are 
limited  to  holders  of  and  are  based  on  the  amounts  of  the 
annuity  contracts,  the  joint  contributions  will  be  spent  mostly 
if  not  v\'holly  on  that  form  of  contract.  It  may  be  worth  vrhile 
to  give  a  few  specimens  of  the  rates  quoted  for  annuities  and 
insurances. 
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Bates  of  Monthly  Annuity  granted  by  the  Teachers'  Association. 


Ag- 

Deferred  to  Age  65                        ' 

Age 

Immediate 

Per  Monthly  Premium 
of  810 

1 
Per  Single  Premium 
of  6100 

Per  Single  Premium 

of  ei.ooo 

Male 

Female 

Male           Female 

Male 

Female 

25 
30 
40 
50 

$109.81 
85.11 
48.13 
23-14 

$96.27 
74.62 
42.19 
20.29 

$4.53          $3.97 
3.72     1       3.26 
2.51            2.20 
1.70            1.49 

50 
60 
65 
70 

§6.26 
8.06 
9.52 

11.59 

§5.66 
7.15 
8.33 

10.00 

Annual  Premiums  foi-  ^1,000  Instirances. 


Age 

Term  Insurance 

Whole 
Life 

Endowment 

Insurance 

at  65 

Ten- 
Year 

Expiring 

at 

Age  60 

Expiring 

at 
Age  65 

Bixpiring 

at 
Agere 

21 
30 

40 
50 

$7.93 

8.69 

10.78 

S9.81 
11.07 
13.34 
17.59 

$10.55 
12.20 
15.31 
20.82 

§11.43 
13.64 
17.60 
24.71 

.S13.91 
17.40 
23.88 
35.75 

816.50 
21.91 
33.32 
61.02 

To  meet  the  case  of  members  who  \Aith(iraw  from  the 
teaching  profession,  the  rates  of  premium  reserved  in  the  con- 
tracts will  be  higher  than  the  foregoing,  a  reduction  of  10  per 
cent  bemg  allowed  so  long  as  the  assured  remains  in  the  profession. 
The  full  premiums  payable  on  withdrawal  from  educational 
employment  would  therefore  be  the  quoted  rates  increased 
by  one-ninth.  It  seems  that  a  provision  of  this  kind  is 
quite  fair  if  it  means,  as  I  assume,  that  a  withdrawing 
member  will  in  all  cases  have  the  option  of  maintaining  his 
annuity  and  other  contracts  for  his  own  benefit,  together  with 
the  full  benefit  of  the  cash  smrender  values  and  other  standard 
provisions  of  the  New  York  Insm'ance  Law. 

On  this  question  of  the  "  vested  rights  "  principle,  to  which 
I  have  dra\vn  attention  on  another  page  and  which  seems 
to  be  essentially  the  proper  complement  and  coroUarv  of  the 
contributory  method,  I  caimot  find  that  the  Carnegie  Foundation 
has  laid  down  a  definite  ruhng,  but  the  Handbook  of  the 
Teachers'  Association  clearly  contemplates  that  the  principle 
of  the  vested  right  accruing  from  year  to  }'ear  will  be  recognized 

T   2 
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in  practice.  "  Teachers  who  have  followed  "',  it  is  remarked, 
"  the  discussions  of  pensions  during  recent  years  will  under- 
"  stand  that  the  contribution  made  by  a  college  or  university 
"  to  a  teacher's  annuity  will  inevitably  in  the  course  of  time 
"  be  considered  as  part  of  his  salary.  This  result  must  always 
"  follow  in  any  such  arrangement  between  two  parties  who 
"  have  to  each  other  the  relation  of  employer  and  employee. 
"  Nevertheless,  even  when  this  stage  has  been  reached,  it  is  still 
"  of  great  advantage  to  the  teacher  to  have  his  college  advance 
"  this  payment,  even  though  it  be  in  the  nature  of  deferred  salary. 
"Not  only  is  it  an  advance  payment,  but  its  full  value  can  be 
"  secured  to  the  teacher  whether  he  lives  out  his  term  of  acti\dty 
"  and  makes  use  of  the  annuity,  whether  he  changes  his  occu- 
"  pation,  or  whether  he  dies  prematurely." 

It  would  seem  that  in  this  question  of  vested  rights,  the 
Tiiistees  of  the  Foundation  have  taken  up  very  much  the 
position  that  the  Committee  on  Hospital  Officers  Pensions 
recommended  King  Edward's  Fund  to  adopt,  namely,  that  vrhile 
not  going  the  length  of  laying  down  the  principle  as  an  actual 
condition  of  its  support,  it  should  cast  its  influence  as  far  as 
possible  on  the  side  of  estabhshing  it.* 

The  State  of  Illinois. 

The  State  of  Ilhnois  appointed  in  1916  a  Commission  (with  an 
Actuary,  Mr.  Donald  F.  Campbell,  as  its  Secretary)  to  investigate 
all  its  pension  laws,  and  there  was  found  to  be  not  only  want 
of  foresight  and  ignorance  as  to  the  ultimate  cost  of  the  habilities, 
but  a  quite  chaotic  variety  of  conditions  for  determining  the 
pensions  themselves.  In  order  to  determine  the  habilities  the 
principal  funds  were  thoroughly  investigated.  Life  and  Service 
Tables  being  prepared.  On  four  of  the  principal  valuations  the 
total  present  deficiency  appears  to  be  about  £11,000,000.  As 
to  the  future,  the  Commission  proposed  that  the  pensions  should 
be  pro\'ided  in  advance,  that  the  employees  should  contribute, 
and  that  there  should  be  death  benefits  for  dependants.  A 
minimum  compulsory  pension  is  suggested  at  fiity-five,  with  a 
voluntary  "  sur-pension "  proportionate  to  any  increase  of 
salary.  The  cost  of  existing  stafis  is  to  be  met  mainly  by  the 
State  and  charged  over  forty  years. 

*  Since  writing  this  I  learn  that  the  Deferred  Annuity  Form  of  Contract 
definitely  assures  the  whole  benefit  to  the  lueiuber,  whatever  proportion  (even  if 
the  whole)  of  the  premium  be  paid  by  the  Institution. 
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The  Report  makes  the  following  statement  in  regard  to  our 
Civil  Service  Pension  system  : 

After  a  hundred  years  of  experience  with  Civil  Service 
pensions  in  England,  the  pensions  arc  regarded  very  generally 

as  deferred  pay It  was  in  the  law  of  1909  that  the 

principle  was  recognized  that  even  with  a  non-contributory 
system  the  employee  who  withdraws  from  the  Ser\dce  should 
receive  certain  benefits In  other  words,  even  a  non- 
contributory  system  of  pensions  has  in  England  become  \drtually 
contributory,  because  wages  and  salaries  are  held  at  a  lower 
level  on  account  of  the  pension  prospects. 

It  seems  clear  that  this  statement  is  inaccurate  in  regard  to 
^vithdrawal  benefits.  It  is  to  be  regretted  that  the  language  of 
our  Act  of  1909,  presumably  Sec.  1  (2),  should  have  misled  an 
American  student  on  such  an  important  point,  but  the  practice 
of  the  Treasury  is  well  known.  Throughout  our  Civil  Service 
no  benefit  whatever  is  paid  on  voluntary  ^\^lthdrawal  earher  than 
the  "  retirement  "  recognized  by  the  Acts.  For  American  practice 
I  quote  the  following  precise  and  important  statement  in  the 
Report  : 

Without  exception,  Pension  Acts  in  the  United  States* 
that  do  not  provide  for  contributions  from  salaries  of  employees 
make  no  pro"vision  for  any  payment  to  employees  upon  separation 
from  active  ser\'ice  on  account  of  resignation  or  dismissal ;  and 
in  those  cases  where  such  contributions  are  required,  the  payment 
never  exceeds  the  amount  contributed  by  the  employee. 

New  York  City  Pensions  Commission. 

The  Corporation  of  New  York  City  has  recently  made  what 
is  probably  the  most  thorough  investigation  into  pension 
liabilities  ever  undertaken  by  a  public  authority.  A  Pensions 
Commission  was  appointed,  of  which  Mr.  George  W.  Perlcins, 
known  to  many  of  us  as  a  former  Vice-President  of  the  New 
York  Life  Insui'ance  Company,  was  Chaii'man  ;  and  a  special 
Actuarial  stafi  was  engaged  with  Mr.  G.  B.  Buck,  F.A.S.,  as 
its  chief.  The  results  are  contained  in  several  volumes  packed 
^vith  statistical  and  actuarial  information.  The  fii'st  part  of  the 
Report  was  presented  in  February  191G,  consisting  of  a  pre- 
liminary statistical  accoimt  of  the  nine  systems  covering  the 
various  city  ser\nces.  This  was  followed  by  an  actuarial 
investigation  and  valuation  of  them ;  and  finally  a  new  scheme 
was  proposed  which  in  turn  required  a  large  amount  of  fmther 

*  Over  200  are  cited  ! 


238 


Notes  on  some  recent  developments  of 


[April 


actuarial  work  to  estimate   the  cost  of  it.     For  the  following 
notes  I  have  consulted  the  original  reports. 

The  New  York  Citv  pension  systems  originated  with  the 
employees.  The  Government  was  indifferent.  Thus  in  1857 
the  Police  Force  procured  special  legislation  giving  them 
pensions.  In  1871  the  Fire  Brigade  secm-ed  pensions,  and  in 
1894  the  Teachers.  Other  fmids  followed,  including  the 
"Grady"  Fmid,  and  (in  1911)  one  for  the  Street  Cleaning 
Department.  In  1911  also  the  Grady  Fmid  was  extended  to 
include  all  employees  not  covered  by  the  other  Fmids.  Finally, 
the  system  consisted  of  the  foregoing  five  funds  and  four 
smaller  fmids.  The  five  large  funds  include  75,359  employees  out 
of  the  total  of  77,310,  and  for  brevity  I  will  deal  only  with 
these  in  gi^^ng  details.  The  statistical  position  was  as  follows  in 
1914  : 


Fund 

Founded 

Employees 
1914 

Pensioners 
1914 

Total  Receipts  sincf. 
Establishment  from 

Balance 
Dec.  31  1914 

n^r.t^:u„          City  Funds 
?inn<          and  Interest, 

Police 

Fire  Dept.     ... 

Teachers 

Grady 

Street  Cleaning 

1857 
1871 
1894 
1906 
1911 

10,708 

5,004 

21,317 

32,856 

5.474 

4,234 

1,686 

1,549 

166 

484 

£        i          £ 

917,030  ■  5,521,689 

\  2,816,050 

444,525      1,817.104 

34,261 

85,743         175,643 

146 
170,324 
181,321 

None 
201,260 

All  Funds      ... 

...       j     77,310            8,232 

1,469,812    10,535,843 

622,379 

The  8,232  pensioners  consisted  of  5,779  employees  with  an  average  pension 
of  £152,  aud  2,453  dependants  with  an  average  of  £61.  The  total  salary  list  of 
all  the  funds  as  at  June  1914,  was  £19,590,182. 

In  the  Fire  Department  and  Teachers  Funds,  Superannuation 
of  half  final  pay  is  granted  after  20  and  30  years' service  respec- 
tively, irrespective  of  age.  A  similar  scale  apphes  to  the  Pohce 
after  25  years  and  the  Street  Cleaning  Department  after  20 
years,  but  with  minimum  ages  of  55  and  60  respectively.  In 
the  Grady  Fimd  there  is  no  superannuation  pro\'ision  ;  but  on 
disabihty  after  30  years'  ser\ace  half  final  pay  is  given.  Dis- 
abihtv  is  also  provided  for  in  the  other  fom-  Funds  on  a  generous 
scale,  which  is  frequently  half  final  pay  after  20  years'  ser^^ce, 
and  sometimes  after  10  years.  There  are  also  benefits  for 
dependants  in  the  case  of  the  Pohce,  Fire  and  Street  Cleaning 
Funds. 
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For  these  benefits  the  Police  contribute  2  per-cent  of  salary, 
the  Teachers  1  per-ceut,  and  the  Street  Cleaners  3  per-cent.  In 
the  other  two  Funds  there  are  no  contributions.  Many  of  the 
Funds  enjoy  special  appropriations  of  excise  monies  and  other 
special  items  of  the  City's  Income,  which  therefore  do  not  pass 
through  the  City  Accounts  and  thus  reduce  the  apparent  ultimate 
cost  to  the  City  by  way  of  direct  contributions.  In  the  above 
table  this  differentiation  is  disregarded,  as  the  whole  of  the 
City's  contributions  are  public  money.  As  will  be  judged  from 
the  small  balances  in  hand,  it  has  been  usual  to  pay  pensions 
out  of  the  funds,  as  in  the  case  of  om-  own  Police  Pensions, 
regardless  of  any  actuarial  valuations  ;  and  it  is  the  recent 
increase  in  direct  contributions  demanded  from  the  City  which 
has  led  to  the  investigation.  The  Pensions  Commission  fomid 
that,  ''  due  to  their  fitful  and  unsystematic  development,  the 
existing  pension  laws  present  a  tangled  mass  of  conflicting 
provisions." 

It   would  serve   no   practical  purpose  to   follow  the   Com- 
mission in  their  painstaking  exposition  of    the  inequalities  and 
inconsistencies  which  they  found.     In  their  summary  they  remark 
(i)  that    employees    in    different     branches     get    varying 

benefits  not  justified  by  differences  in  their  work  ; 
(ii)  that  the  employees  in  each    fmid  get  varying   benefits 
through  the  operation  of  crude   flat  pension  rates  and 
contributions  ; 
(iii)  that  about  37  per-cent    of   the  mimicipal  service  could 
retii-e    after    20    to    30    years     ser\ice    irrespective    of 
physical  condition  ; 
(iv)  that  on  the  other  hand  about  43  per-cent  of  the  ser\ace 
had   no  superannuation  but   only  disabihty  allowance 
to   look    forward    to,   and  there    were    already   3,323 
employees  above  age   60  who  could  not  retire  even  if 
inefficient  ; 
(v)  that   the    frequent  employment   of  pensioners  at    fresh 
salaries  led  to  absurd  results  ;   and  generally  that  the 
regulations  as  to  disability,  as  to  dependants  and  as  to 
contributions  were   all    inconsistent  with    one  another 
and  based  on  no  general  principles. 
As  regards  the  financial    pro\'isions  of  the  existing  system 
the  Commission  find 

(i)  that  the  schemes  were  all    launched  without  actuarial 
advice  or  proper  financial  provision  for  their  cost ; 
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(ii)  that  the  City's  support  was  disguised  by  the  allotment 

of  indirect  sources  of  revenue  ; 
(iii)  that  the  City  was  directly  responsible    for   four  funds, 

of  which  the  two  important  ones,  the  PoHce  and  Fire 

Department,   were   likely   to     develope   respectively   a 

pensions  expenditure  of  35  per-cent  and  45  per-cent  of 

the  pay  roll ;  and 
(iv)  that  five  of  the  fmids,  including  the  important  Teachers 

Fund,  are  limited  to  definite  sources  of  income,  and 

are  now,  or  soon  will  be,  bankrupt. 
The   Commission  also   reported  that   owing  to   inadequate 
departmental  records  a  costly  census  and  much  delay  had  been 
necessitated    before    the    actuarial    staff    could    construct  the 
mortality  and  service  tables  needed  for  calculations  of  cost. 

Meanwhile,  the  Commission  proceeded  to  arrive  at  certain 
prehminary  conclusions  as  to  the  proper  fundamental  principles 
of  a  new  system.  They  did  not  attempt  to  reconcile  the  illogical 
features  of  the  existing  system,  which,  they  say,  would  have 
"  collapsed  under  the  weight  of  its  own  absurdities,  but  for  the 
"  lack  of  general  knowledge  of  the  details,  and  the  oblique 
'  methods  of  financing  by  which  its  cost  in  the  past  had  been 
"  hidden  "  ;  but  before  determining  on  any  new  financial  basis 
they  made  a  broad  survey  of  existing  pension  systems  in  opera- 
tion, both  in  the  United  States  and  abroad.  They  found  "that 
"  the  development  of  pension  measures  as  a  result  of  an  experience 
■'  of  over  a  hundred  years  is  in  the  direction  of  equal  di\asion  of 
'■  cost  between  the  employer  and  the  employee,  and  that  this 
"  tendency  applies  equally  to  systems  for  public  employees  and 
"  for  industrial  workers." 

Part  II  of  the  Report  comprising  the  Actuarial  In\  estigation 
was  published  in  May  1916.  The  Actuarial  Society  of  America 
had  appointed  by  request  an  honorary  advisory  Committee 
of  Actuaries  to  assist  the  Commissioi,  consisting  of  Messrs. 
William  A.  Hutcheson  (Chairman),  Robert  Henderson  and 
Henry  Moir  ;  and  the  work  of  Mr.  Buck  and  his  actuarial  staff 
was  carried  out  with  the  help  and  approval  of  these  gentlemen. 
A  six-year  period,  from  1908  to  1914,  was  selected,  for  which 
particulars  of  each  employee  were  obtained  on  an  elaborate 
form  of  card,  and  the  ensuing  statistical  analysis,  the  Com- 
mission say,  "required  more  than  two  years  work,  and  is 
"  unparalleled  in  its  scope  by  any  similar  study  of  a  body  of 
"  employees  ever  made  anywhere  in  the  world." 
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The  ultimate  financial  result,  to  which  the  whole  Investi- 
gation led  up,  was  to  show,  on  the  basis  of  existing  laws  and  past 
experience,  a  present  liabiHty  for  existing  staffs  of  £43,104,083. 
Deducting  funds  in  hand,  £769,931.  and  the  value  of  future 
Contributions,  £1,779,038,  there  is  shown  a  deficit  of  £10,555,114. 
The  City,  the  Commission  remark,  had  bhndly  embarked  on  a 
vast  financial  programme  with  no  thought  of  the  cost  involved, 
and  even  if  the  inequalities  of  the  existing  schemes  had  not 
called  for  reform,  the  financial  burden  demanded  a  re\'ision 
which  would  relieve  taxpayers  in  part  and  provide  for  accumu- 
lation of  reserves. 

Part  III  of  the  Report,  to  which  the  whole  of  the  foregoing 
investigation  may  be  said  to  be  ancillary,  is  dated  February 
1918,  and  contains  the  draft  of  the  proposed  new  scheme 
followed  by  a  full  accomit  of  the  actuarial  calculations  of 
its  cost. 

It  is  satisfactory  to  find  that  the  new  scheme  begias  by 
differentiating  clearly  between  past  service  and  futui'e  service. 
The  futiUty  of  attempting  to  combine  the  two  is  amply  shown 
in  the  history  of  our  o^^Tl  Mmiicipal  schemes  as  given  by  Messrs. 
Manly  and  Ackland  {see  J.I. A.,  vol.  xlvi,  p.  327).  For  the 
recompense  of  past  service  the  City  will  assume  the  whole  hability 
in  the  case  of  all  employees  who  elect  to  enter  the  new"  scheme. 
Such  entrance,  optional  for  the  time  being,  is  subject  to  payment 
of  contributions  as  at  their  present  ages. 

Commencing  then  with  all  future  service  the  scheme  provides 
service  pensions  on  the  salary  percentage  method,  the  basis 
being  the  average  salary  for  the  final  ten  years  of  service.  The 
employee  will  contribute  the  cost  of  one  half  of  this  pension  on 
a  retm-nable  basis  ;  the  City  will  provide  the  cost  of  the  other 
half,  but  non-returnable.  The  City  will  further  contribute 
(i)  the  whole  cost  of  disablement  pensions,  as  well  as  pensions 

to   A^ddows   and  children,   due    to   hazards   arising    in 

performance  of  duty ; 
(ii)  the    whole    cost    of    certain     benefits    on    death    from 

ordinary  causes  ;  and 
(iii)  the  greater  part  of  the  cost  of  pensions  on  disablement 

arising  from  ordinary  causes  after  10  years'  service. 

The   scale   of    these   proposed    benefits   varies   in    different 

branches  of  the  serxace      Thus  for  service  pensiors  the  street 

cleaners  are  to  receive  l/60th  for  each  year  of  service  at  minimum 

age  55,  the  police,  firemen  and  labom-ers  l/66th  at  age  58,  the 
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mechanics  l/68th  at  age  59,  the  clerks  and  all  administrative 
officers  l/70th  at  age  60,  and  teachers  1/7 4th  at  age  62.  Ketirement 
is  to  be  compulsory  in  all  cases  at  70.  The  past  service  of  existing 
officers  entering  the  scheme  is  arranged  for  by  the  City  under- 
taking to  provide  the  whole  "  service  fraction  ",  instead  of  one- 
half,  in  respect  of  every  prior  year's  service. 

On  disablement  arising  at  any  time  in  actual  performance 
of  duty  the  City  will  pay  a  pension  of  three-fourths  of  the  final 
average  salary,  and  the  officer  will  retain  the  right  to  his  own 
contributions.  Od  disablement  after  10  years'  service  from 
other  causes,  the  pension  will  be  nine-tenths  of  the  corresponding 
service  pension,  with  a  minimum  of  25  per-cent  of  final  average 
salary.  In  this  case  the  officer's  own  contributions  are  used 
pro  tanto  and  the  City  provides  the  balance. 

On  death  in  actual  performance  of  duty  the  City  will  pay  to 
widow,  children  or  dependent  parents  a  pension  of  one-half  of 
the  final  average  salary,  in  addition  to  the  returnable  contri- 
butions. On  death  from  other  causes  the  benefit  is  a  lump  sum 
of  one-half  of  the  last  year's  salary,  in  addition  to  the  contri- 
butions. On  withdrawal  from  any  cause  the  officer's  own  con- 
tributions are  returnable  with  interest.  Finally,  the  service 
pensions  may  be  varied  (as  in  the  case  of  the  Carnegie  scheme) 
to  provide  a  capital  sum  at  death  or  to  introduce  a  second  life  ; 
and  it  is  contemplated  that  all  City  contributions  will  be  pro- 
vided in  advance,  that  proper  reserves  will  be  maintained  on  an 
actuarial  basis,  and  that  the  management  will  be  in  a  Board  of 
Trustees  on  which  each  group  of  employees  will  be  represented. 

It  may  be  thought  I  am  lingering  too   long  over  details, 

but  it  appears  to  me  that  the  great  and  pressing  need  at  present 

in  the  pension  problem  is  to  settle  fundamental  questions  of 

principle.     The  New  York  investigation  probably  represents  the 

most  thoroughgoing  enquiry  that  has  been  made  hitherto  not 

onlv  into  objective  facts  but  also  into  the  general  principles  that 

should    be   adopted   for   future   guidance.     It   is  worth  noting 

therefore  the  following  general  principles  proposed  for  adoption  : 

(i)  After   the    fullest   consideration  of   alternatives  it  was 

decided  that   New   York   (like   London)   should  exact 

contributions    from    its    employees.     Employer     and 

employee  are  each  to  contribute  strictly  in  advance  a 

moiety  of  the  estimated  cost  of  the  service  pension. 

But  while  the  employee  contributes  on  a  returnable 

basis  the  City  retains  its  profit  on  withdrawals  towards 
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other  benefits.  Thus  there  will  be  fostered  a  "sense 
"  of  mutual  responsibihty  for  the  provision  of  benefits 
"  which  will  be  equitable  and  advantageous  to  both 
"  parties." 

(ii)  Benefits  should  be  given  if  possible  with  equal  fairness 
to  all.  Hence,  the  services  being  in  complex  variety, 
the  City  charges  itself  with  the  whole  cost  of  special 
hazards  where  such  exist.  Thus  arise  the  special 
benefits  where  death  or  disablement  occur  in  perform- 
ance of  duty — benefits  which,  as  I  imderstand,  replace 
the  benefits  under  the  Workmen's  Compensation  Acts 
for  which  ordinary  employers  would  be  hable  ;  and  the 
frank  recognition  of  the  employee's  claim  to  his  own. 
contributions  in  addition. 

(iii)  In  adjusting  scales  of  contributions  and  benefits  the 
"  coat  was  cut  according  to  the  cloth."  The  general 
aim  was  to  provide  for  an  entrant  of  25  a  service 
pension  of  one-half  of  the  final  average  salary.  It 
was  then  decided  that  the  employee's  contribution 
at  that  age  on  a  savings  bank  basis  should  be  as  nearly 
as  possible  4  per-cent  of  salary  ;  and  the  retirement 
ages  according  to  the  various  occupational  experiences, 
with  the  resulting  "service  fractions  ",  were  thus  arrived 
at  as  the  conclusion  of  the  process. 

(iv)  The  City  frankly  accepts  the  additional  cost  for  exist- 
ing stafis.  For  example,  a  clerk  can  retire  at  60,  his 
service  fraction  being  l/70th  for  each  year,  of  which 
l/140th  is  pro^^ded  by  his  own  contributions.  In  the 
case  of  an  existing  officer  electing  to  enter  the  scheme 
the  City  provides,  in  addition  to  its  own  normal 
moiety,  the  clerk's  i /1 40th  for  each  year  of  prior 
service. 

(v)  Disablement  from  ordinary  causes  is  not  viewed  too 
sympathetically,  but  I  suspect  that  abuses  under  the 
existing  system  account  in  part  for  this.  It  is 
admitted  that  from  the  standpoint  of  the  employee 
"  disability  is  probably  the  danger  which  is  viewed  with 
"  the  gravest  concern  "  ;  but  to  avoid  ofiering  temp- 
tation to  retire  early,  and  seek  other  employment,  it 
was  decided  to  limit  the  pensions  to  nine-tenths  of  the 
corresponding  scale  for  service  pensions.  It  is,  however, 
contemplated  that  special  additional  grants  might  be 
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made   by  the  City  in  meritorious  cases  and  that  the 
general  scale  of  benefit  might  need  to  be  broadened 
later. 
On  the  foregoing  basis  rates  of  contribution  are  given  for 

at  least  eleven  different  occupational  groups.     I  select  four  of 

the  groups  for  quotation. 

Salary  Percentages  required. 


Age 

at 

Entry 

Employee's  Contribution 

City  Contribution 

Police 

Fire 
Depart. 

Teachers 
(Women) 

street 
Cleaning 

Police 

Fiie 
Depart. 

Teachers 
(Women) 

Street 
Cleaning 

20 
25 
30 
35 

40 

4-01 
4-12 
4-33 
4-67 
5-10 

4-35 
4-47 
4-69 
4-94 
5-24 

4-08 
4-12 
4-22 
4-43 

477 

3-57 
3-96 
4-41 
4-91 
5-46 

4-53 
5-10 
5-58 
5-53 

5-48 

3-93 
4-41 
4-86 
5]  3 
5-60 

2-77 
315 
3-63 
3-98 
4-35 

2-14 
2-85 
353 
4-23 
5-31 

We  are  finally  presented  with  the  results  of  a  complete 
valuation  of  each  benefit  for  each  Fund  on  the  assumption  that 
every  existing  employee  elects  to  come  under  the  new  scheme. 
The  total  liability  for  the  whole  service  is  as  follows  : 

Existing  Pensioners  and  Dependants  ...         ...  £10,590,342 

Pensions    in   respect    of    Future    Service    {less 

Employees'  half)           5,010,260 

Disability:    Ordinary  (Zess  Employees' share)  ...  4,713,281 

Do.        Accident       490,661 

Death  Benefits  :   Ordinary         1,292,746 

Do.                 Accident         793,979 

Cost  of  Past  Service       9,125,208 

Grand  Total      32,016,477 

Less  Cash  in  Existing  Funds     ...         ...         ...  769,931 

Deficiency,  to  be  provided  by  City  ...     £31,246,546 

It  remains  to  be  seen  in  what  way  the  City  will  pro\dde  the 
cost  of  benefits  for  past  service  in  the  case  of  existing  staffs. 
The  London  County  Council  in  1914  consolidated  all  its  pension 
liabilities  then  outstanding  and  decided  to  liquidate  the 
amount  (£1,181,398)  by  an  animity  spread  over  50  years. 
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Note  on  a  fundamental  question  underlying  the  Pension  Problem; 
with  a  reference  to  the  School  Teachers'  Suj'^eTannuation 
Act,  1918.     By  W.  J.  H.  Whittall,  F.I.A.,  F.A.S. 

J.T  may  be  worth  while,  iii  view  of  curreut  pension  developments 
in  America  and  elsewhere,  to  take  stock  briefly  of  the  present 
position  of  the  Pension  Problem  in  this  comitiy ;  T  mean  of  its 
broad  aspects.  I  exclude  from  consideration  the  enormous 
Kabilities  the  State  has  assumed  for  naval  and  military  pensions. 
They  have  received  insufficient  attention  from  actuaries  and 
statists,  and  the  public  has  little  conception  of  the  burden  it  has 
assumed  or  how  it  is  to  be  provided  for  when  the  existing  wild 
orgy  of  expenditure  shall  cease. 

These  pensions,  however,  are  incumbent,  and  will  gradually 
decrease.  Subject  to  the  public  insisting  that  they  be  provided 
for  out  of  current  taxation,  and  that  no  attempt  be  made  to  pay 
them  out  of  borrowed  money,  they  will  settle  themselves  in  time. 
For  the  pui'pose  of  this  note  I  shall  speak  only  of  the  civihan 
pensions  of  the  futm'e. 

If  we  follow  existing  preconceptions  we  shall  begin  by 
differentiating  between  State  pensions,  havdng  milimited  public 
money  behind  them,  and  all  others.  These  others  may  be 
subdi\dded  into  categories, 

(i)  Where  the  employers  have  ample  funds  available  for 
contributions  or  guarantees,  including  local  authorities 
with  rating  powers,  and 

(ii)  Where  the  beneficiaries   must   seek  security  for   them- 
selves. 

Now  the  first  fact  which  emerges  from  a  review  of  the  position 
in  America  is  that  a  great  heartsearching  is  taking  place  there 
as  to  the  basic  propriety  of  postponing  State  pension  Kabilities 
to  be  met  by  futme  generations.  The  growing  tendency  there 
seems  to  be  to  regard  each  State  like  any  other  employer, 
and  to  call  on  it  to  face  its  pension  liabilities  in  advance.  The 
questions  involved  in  the  proper  determination  of  this  apparently 
simple  but  fmidamental  question  are  so  numerous  and  involved, 
and  the  sums  concerned  so  great  and  so  constantly  growing, 
that  it  calls  for  particular  and  separate  investigation.  The 
Institute  might  well  initiate  this  by  devoting  an  evening  specially 
to  its  discussion.  A  strict  provision  m  advance  for  all  State 
pensions  might  conceivably  be  the  key  to  another  pressing 
problem,  namely,  how  to  reduce  the  National  Debt. 
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After  the  State  pensions  there  is  a  large  category  of  well 
secured  benefits  enjoyed  by  employees  of  municipalities  or  other 
statutory  bodies  with  local  rates  to  fall  back  on,  and  of  various 
wealthy  industrial,  commercial  and  financial  corporations.  Of 
these  not  much  is  known  of  the  financial  and  commercial  com- 
panies' schemes,  which  are  kept  private  as  a  rule  ;  but  a  good 
deal  is  known  of  the  municipal  and  similar  schemes,  and  of 
the  Railway  Funds.  The  county  and  municipal  authorities 
have  hitherto  been  left  to  seek  such  special  powers  as  they  may 
think  fit,  and  the  consequence  is  an  existing  lack  of  uniformity 
which  is  quite  bewildering,  and  into  which  a  strong  departmental 
Committee  is  now  enquiring.  The  great  Railway  Fmids,  as  we 
know  from  the  report  of  Lord  Southwark's  Committee,  present 
a  chequered  history  of  deficiencies  for  which  the  Companies  have 
made  themselves  Hable,  and  of  grievances  which  are  believed 
still  to  persist. 

Of  the  numerous  class  of  employees  in  my  final  category 
very  little  is  known.  They  are  either  unprovided  with  pensions 
altogether,  or  they  are  dependent  on  such  quasi-eleemosynary 
recognition  as  the  financial  capacity  of  the  employer  may  permit 
of,  or  they  are  dependent  on  mutual  funds  rmguaranteed  by  any 
external  resoui'ces.  After  studying  the  history  of  the  Railway 
Funds  I  doubt  if  many  such  unsupported  mutual  funds  can  be 
actually  in  existence  and  fmictioning  normally  to-day.  One 
cannot,  however,  prove  a  negative.  Such  societies,  if  existent, 
are  private  institutions  of  which  it  is  impossible  to  get  complete 
and  trustworthy  data.  I  have  made  an  effort  to  hear  of  such 
fmids,  but  without  success. 

It  has  been  obvious  for  some  time  past,  that  over  all  Mutual 
Pension  Funds,  whether  supported  by  external  guarantee  or 
not,  there  has  been  hanging  the  shadow  of  the  gradually  growing 
longevity  of  annuitants.  To  this  cause  of  anxiety  must  now 
be  added,  as  a  consequence  of  the  war,  the  increase  in  salary 
scales  and  the  depreciation  of  securities,  of  which  the  former 
is  probably  the  more  important.  To  investigate  the  concrete 
effects  of  these  adverse  influences  on  the  finances  of  mutual 
funds — particularly  those  giving  benefits  based  on  salary  per- 
centages— is  beyond  the  scope  of  this  article,  but  there  is  clearly 
a  need  for  this  to  be  done  by  someone.  In  particular,  the 
aggregate  deficiency  on  the  Railway  Funds  will  reach  very  large 
figures  if  new  valuations  be  made  with  a  view  to  nationalization. 

It  is  not  a  cheerful  story.     As  soon  as  we  get  outside  the 
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zone  of  free  State  pensions  there  seems  to  be  running  through 
each  of  the  other  broad  categories  an  increasing  and  now 
fairly  general  recognition  that  contributions  from  the  bene- 
ficiaries are  necessary  ;  and  it  is  possible  to  trace  also  a  general 
demand  for  some  form  of  death  benefit.  All  the  evidence  points 
to  this  aspiration  having  received  insufficient  recognition  from 
employers  in  the  past.  As  regards  the  best  methods  of  attaining 
the  desired  ends  there  seems  to  be  in  recent  schemes  a 
tendency  to  resort  (perhaps  one  might  say  to  revert)  to  what 
our  American  friends  call  "  contractual  methods  ",  i.e.,  the 
money  purchase  principle  ;  though  this  apphes  more  to  the 
category  where  employers  are  poor  or  fleeting  Where  guarantees 
are  available  and  ser^nce  is  more  settled,  there  is  e\'ident  re- 
luctance to  dispense  with  a  scale  of  pensions  bearing  relation 
to  salary,  and  of  coui'se  for  preference  final  salary. 

From  this  summary  of  the  position  to-day,  as  to  which  it  is 
difficult  to  dogmatize  but  for  which  a  good  many  facts  can  be 
cited  in  support,  I  pass  to  an  important  matter  belonging 
more  to  the  region  of  opinion.  In  all  the  categories  the  various 
services,  even  the  State  services  with  free  pensions  on  the  most 
generous  scales,  give  e\'idence  of  discontent.  Why  should  this 
be  so  1  My  own  explanation  is  that  there  is  a  main  funda- 
mental question  lying  at  the  root  of  all  pension  questions  to  which 
insufficient  attention  has  hitherto  been  given.  It  is  involved 
in  the  contingency,  to  which  I  have  already  made  reference 
{see  pp.  116  and  235),  of  migration  from  one  service  to  another. 

The  primitive  pension  apparently  originated  in  the  benevolent 
wish  of  an  employer  to  provide  for  the  old  age  of  an  ei];\ployee 
who  had  long  served  him  faithfully  and  could  work  no  longer. 
But  the  benevolence  of  the  wish  vanished  if  the  employee  sought 
to  better  himself  by  transferring  his  service  elsewhere.  In  that 
event  the  faithful  servant  found  he  must  take  his  fate  in  both 
hands  and  cast  himself  on  the  world  or  on  his  new  employer ; 
but  the  old  one  washed  his  hands  of  him  and  even  was  glad 
sometimes  to  be  rid  of  an  accruing  liability. 

This  idea  of  a  pension  seems  primitive  and  rudimentary  to- 
day, and  more  adapted  to  patriarchal  times  than  to  the  post- 
war period.  It  exists,  however,  and  is  still  fii'mly  entrenched.  I 
need  not  pile  authority  for  this  statement.  The  typical  pension 
fund  almost  invariably  provides  that  on  withdrawal  the  benefit 
is  limited  to  the  member's  own  contributions. 

As  evidence  for  the  prevaihng   conception  in  services  where 
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there  are  no  contributions,  we  may  turn  to  the  Eeport  of  Lord 
Courtney's  Commission,  which  carefully  reconsidered  and  re- 
viewed the  general  principles  underlying  Civil  Service  Pensions, 
as  well  as  the  question  of  adjusting  their  form  to  meet  new  needs. 
Here,  we  find,  Lord  Courtney  and  the  majority  of  his  Commission, 
while  they  admitted  "  that  a  deferred  pension  is  remuneration 
for  services  as  much  as  an  immediate  money  payment."  pro- 
ceeded to  lay  down  the  general  principle  that  the  pension  is, 
in  part  at  least,  "remuneration  for  continuity  of  service  con- 
"  tingently  payable  on  the  continuity  being  maintained  during 
"  a  defined  period,  and  not  accruing  from  year  to  year  as  an 
''  indefeasible  interest."  The  minority,  consisting  of  Sir  Ralph 
Knox  and  Sir  Edward  Brabrook,  were  still  more  conservative. 
They  adhered  to  the  primitive  conception  of  a  pension  as  the 
reward  of  long  and  faithful  service,  and  objected  even  to  the 
foregoing  limited  recognition  of  the  "  deferred  pay  "  principle. 

Now  the  Civil  servants,  on  their  side,  are  very  conscious  as 
they  get  older  of  the  grip  of  the  system  in  which  they  are  held. 
The  recent  increase  in  prices,  with  no  adequate  increases  of 
salary  in  the  higher  ranks,  has  emphasized  their  position  of 
dependence.  We  have,  further,  the  testimony  of  our  own 
expert  on  pension  questions,  the  late  Mr.  H.  W.  Manly,  that  he 
always  recommended  employers  to  provide  free  pensions,  the 
chief  reasons  being  that  superannuation  after  faithful  service 
should  be  the  aim,  that  contributions  introduced  claims  for 
other  benefits,  and  that  free  pensions  would  pay  for  themselves 
by  making  the  service  popular  and  keeping  salaries  moderate.* 
If  Mr.  Manly  could  have  survived  to  feel  the  new  impulses 
now  current  I  doubt  if  he  would  retain  those  views  to-day. 

The  aspiration  to-day  is  not  only  for  free  pensions,  but  for 
freedom.  Old  thralls  are  being  thrown  off.  A  priori  reasoning 
points  rather  to  a  universal  principle  that  every  year  of  service, 
given  by  high  or  low,  should  carry  with  it  not  only  the  Hving 
wage  but  also  its  proper  quota  towards  the  ultimate  old  age 
provision  of  the  worker ;  and  that  such  quota,  once  earned, 
shall  enm'e  as  a  vested  right. f  This  principle  already  exists  in  the 
Federated  Universities  Superannuation  System,  and  it  is  adopted 
(see  p.  236)  in  the  new  Carnegie  scheme  for  American  Colleges. 

*  See  J. I. A.,  vol.  x.xxvi,  p.  258,  and  vol.  xlviii,  p.  3i. 

t  This  is  what  lias  been  known  as  the  "deferred  pay  "  principle  when  that 
term  is  applied  in  its  strict  sense  ;  but  it  has  often  been  used  loosely,  and  I  think 
it  better  now  to  use  a  more  exact  phrase. 
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It  is  found  in  embiyo  in  the  National  Health  Insurance  Act, 
where  every  contribution  paid  by  the  employer  is  irrevocable  and 
final.  It  is,  however,  independent  of  the  method  of  providing  the 
contributions.  Though  we  have  seen  a  tendency  to  divide  these 
between  employer  and  employee,  it  may  be  applied  equally  if 
they  are  provided  wholly  by  the  employer. 

Supposing  such  a  principle  established,  let  us  try  to  visualize 
some  of  the  sociological  results.  Many  say  that  employees  need 
not  fear  in  the  end  the  bm'den  of  their  own  contributions,  if 
any.  Mr.  Carson  Roberts  has  remarked  "there  is  no  such  thing 
"as  a  non-contributory  scheme."*  When  once  the  pension  is 
secure  the  free  play  of  the  market  will  determine  the  salary  ; 
and  what  more  can  the  able  official  wish  ?  Many  employers, 
and  especially  the  State,  would  have  to  pay  higher  salaries  to 
retain  the  able  men  ;  but  why  not  ?  There  might  be  other  effects. 
Less  able  men  could  be  dispensed  with  more  easily  if  they  had  pen- 
sion rights.  The  net  effect  to  the  employer  would  midoubtedly 
be  a  fresher  and  healthier  organization.  For  the  State,  above 
all,  any  principle  that  would  promote  an  interchange  of  officials 
with  the  real  world  outside  is  to  be  welcomed.  Business 
and  administrative  life  would  alike  be  quickened  and  every 
worker  would  find  increased  opportunities  either  for  advance- 
ment or  for  leading  the  life  for  which  he  is  suited. 

Actuaries  in  the  past  have  worked  well  at  formulas  for 
measuring  the  protean  benefits  and  contingencies  of  existing 
pension  fimds  and  systems — largely  self-developed.  I  hope  the 
Institute  may  follow  the  impulse  given  by  our  President  in  his 
inaugural  address,  and  now  seek  to  be  the  leader  and  inspirer  of 
true  principles  rather  than  the  humble  handmaid  busy  with  the 
evaluation  of  self -evolved  and  fortuitous  benefits.  We  can  easily 
see  what  actuarial  results  would  flow  from  a  general  recognition 
of  the  broad  principle  of  vested  pension  rights.  While  the 
forms  of  benefit  would  remain  manifold  and  the  methods  of  pro- 
viding contributions  as  between  employer  and  employee  be 
various,  strict  provision  in  advance  would  be  necessary  as  well 
as  strict  provisions  for  apportioning  individual  vested  interests 
and  for  maintaining  actuarial  solvency.  These  in  turn  would 
probably  rule  out  all  salary  percentage  plans  and  dictate  resort 
to  contractual  methods.  In  other  words  the  money  purchase 
principle  would  prevail,  with  definite  benefits  assured  either  by 
ordinary  life  offices  or  by  a  system  of  "  approved  societies.''     We 

*  J.I.A.,  vol.  xlvi,  p  373. 

VOL.    LI.  U 


250  Note  on  a  fundamental  question  [April 

should  have  to  say  farewell,  if  by  some  a  sad  farewell,  to  the 
absorbing  actuarial  work  based  on  unknown  rates  of  salary 
progression,  on  unknown  futui'e  benefits,  on  imkno-u^i  future 
contributions,  and  on  unknoTNTi  rates  of  withdrawal,  and  the 
unknown  profit  thereon.  We  shall  still  be  left,  however,  by  way 
of  some  consolation,  with  the  future  of  the  rate  of  interest,  the 
future  rate  of  pensioners'  mortality,  and  the  future  rates  of 
disablement.  There  will  be  plenty  here  to  occupy  us  for  some 
time  to  come.  As  regards  disablement  in  particular  there  is  much 
work  to  be  done  before  we  can  decide  whether  it  is  best  provided 
for  in  combination  with  superannuation  or  separately  ;  and  if 
separately  by  what  methods. 

It  is  significant  that  since  the  last  number  of  the  Journal 
appeared,  the  opposing  principle  of  free  pensions  for  continuous 
service  has  received  a  fresh  lease  of  life  in  this  comitry  through 
the  passage  of  the  Bill  {see  p.  107)  for  superannuating  the  whole 
of  our  elementary  and  secondary  school  teachers.  A  measure  to 
raise  the  status  of  such  an  important  class,  and  to  improve  the 
education  of  the  country,  would  be  matter  of  rejoicing  if  clear 
evidence  had  been  presented  of  the  soundness  of  its  underlpng 
principles.  This  Bill,  however,  was  hastily  conceived  and  passed 
into  law  wdthout  any  such  evidence  being  adduced  in  the  expir- 
ing days  of  the  late  House  of  Commons,  which  had  long  been 
swimming  in  a  sea  of  borrowed  money,  seemingly  oblivious  of 
the  meaning  of  figures. 

To  save  space  I  must  refer  the  reader  to  the  Act  itself  for 
the  detailed  provisions,  which  are  complicated ;  but  the  broad 
efiect  is  to  apply  the  Superannuation  Act  of  1909  (the  salary 
basis  being  altered  to  the  average  amount  received  in  the  last 
five  years  of  service)  to  the  teachers  of  all  grant-aided 
institutions  below  imiversity  rank,  and  to  some  extent  to  the 
teachers  of  outside  schools  as  well.  Speaking  generally,  all 
past  service  is  to  count  for  pensions  ;  and  existing  teachers  are 
to  receive  in  addition  the  accrued  benefit  to  which  they  may 
be  entitled  in  any  existing  fimd.  As  in  the  case  of  the  Civil 
Service,  there  is  no  benefit  whatever  on  withdrawal  before 
becoming  entitled  to  a  pension.  In  view  of  our  President's  plain 
speaking  on  the  question  of  State  pensions,  it  may  not  be  out 
of  place  if  I  record  briefly  here  the  facts  about  the  passage  of 
the  Bill. 

In  opening  the  debate  on  the  second  reading,  Mr.  Fisher 
apologized  for  the  fact  that,  though  he  was  speaking  on  a  Monday, 
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the  Bill  had  not  been  issued  until  the  preceding  Saturday. 
Most  members,  therefore,  could  not  have  seen  it  until  the  day 
of  the  debate.  After  referring  to  the  existing  inadequate  pro- 
vision for  elementary  teachers^  the  JVIinister  spoke  as  follows  : 

"  There  is  no  form  of  pensions  whatever  for  teachers  in  secondary 
"  schools,  although  here  and  there  there  are  local  pension  schemes. 
"  The  absence  of  such  systems  led  to  the  appointment  in  1912  of  a 
"  Departmental  Committee  to  Report  upon  the  best  system  by  which 
"  provision  can  be  made  for  the  superainiuation  of  teachers  in 
"  secondary  and  technical  schools  and  institutions,  schools  of  art, 
"  colleges  and  schools  for  the  training  of  teachers,  pupil  teacher 
"  centres,  and  other  schools  and  institutions  not  being  universities 
"  or  university  colleges  aided  by  Grants  from  the  Board  of  Education. 
"  This  Departmental  Committee  reported  in  favour  of  a  system  of 
*'  insurance  for  full-time  teachers  in  secondary  schools,  resembling 
"  the  system  adopted  by  the  Federation  of  Universities  and  supported 
"  by  contributions  from  the  teachers  themselves  and  from  the 
"  employers,  to  be  supplemented  by  assistance  from  the  State  in  the 
"  shape  of  sui^erannuation  and  disablement  allowances.  The  Report 
"of  this  Committee  was  published,  and  although  widely  commented 
"  upon  at  the  time,  has  never  been  given  effect  to.  The  War 
"  supervened,  and  the  hopes  which  had  been  created  by  the 
"  publication  of  the  Report  have  not  yet  been  realized.  In  these 
"  circumstances,  and  in  view  of  the  great  development  of  education 
"  which  we  expect  to  ensue  from  the  recently-passed  Education  Act, 
'  the  Grovernment  has  come  to  the  conclusion  that  it  is  essential  at 
"  the  earliest  possible  moment  to  bring  under  one  State  pension 
''  scheme  all  qualified  teachers  in  aided  schools  of  all  kinds  below 
"  those  of  university  rank. 

"  Let  me  say,  in  the  first  instance,  that  the  scheme  proposed  in 
"  this  Bill  is  no  niggardly  scheme.  Its  generosity  has  been  widely 
"  and  freely  acknowledged  by  all  who  have  studied  the  White  Paper 
"  and  who  are  interested  in  the  welfare  of  the  teaching  profession. 
"  I  think  the  House  will  realize  that  if  the  pension  scheme  for 
*'  teachers  is  to  err  it  should  err  on  the  side  of  generosity.  Teaching 
"  is  one  of  those  professions  which  demand  the  preservation  of  a 
"  buoyant  tem!per  and  of  a  fresh  outlook  under  conditions  which  too 
*'  often  make  for  deadly  monotony.  Since  the  State  has  undertaken 
"  to  make  provision  for  the  teaching  profession  it  is  for  the  State  to 
"  find  some  means  of  relieving  those  school  teachers  who  have 
"  reached  that  period  of  life  when  vitality  is  lowei"  and  when  the 
"  spirit  tending  to  usefulness  is  almost  gone.  Seeing  that  the 
"  salaries  of  teachers  generally  are  on  a  modest  scale,  this  affords 
"  additional  reason  why  the  pension  should  bear  a  high  ratio  to 
'  salary.  The  scheme,  generous  in  its  terms,  is  non-contributory. 
"  I  gathered  from  some  observations  from  my  hon.  friend  the 
Member  for  the  University  of  Glasgow  and  Aberdeen  University 
(Sir  H.  Craik)  while  the  Financial  Resolution  was  l)eing  discussed, 
"  that  he  was  incHned  to  prefer  a  scheme  under  which  contributions 

u  2 
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"  should  be  demanded  from  teachers  and  from  their-  employers.  I 
"  do  not  wish  in  any  way  to  disparage  the  value  of  contributory 
"  schemes.  They  have  their  place  in  the  national  system.  But  a 
"  contributory  scheme  to  which  the  State  makes  a  contribution  is 
"  open  to  certain  objections,  the  force  of  which  is  increased  in  direct 
"  ratio  to  the  size  and  complexity  of  the  scheme.  If  you  have  a 
"  contributory  scheme  it  may  be  worked  by  an  insurance  company, 
"  and  if  it  is  worked  through  an  insurance  company  you  are  at  once 
"  confronted  with  the  objection  that  public  money  is  going  in 
"  dividends  to  the  shareholders  of  those  companies.  You  are  also 
"  confronted  with  the  objection  that  the  Minister  of  Education  will 
"  be  besieged  by  different  insurance  companies  pressing  on  his  notice 
"  the  advantages  which  they  are  enabled  to  offer  to  their  clients. 
"  You  will  be  confronted  with  the  objection  that  the  State  is 
"  subsidizing  and  guaranteeing  a  private  company,  and  these 
"  objections  become,  of  course,  seriously  aggravated  when  the  sums 
"  involved  are  large. '^ 

"  If  you  do  not  go  to  the  insurance  company,  and  if  you  compel 
"  the  teachers  and  the  employers  of  teachers  to  make  their 
"  contributions  to  the  fund,  then  you  are  open  to  another  set  of 
"  objections.  Teachers  know  that  such  a  fund  earns  a  comparatively 
"  low  rate  of  interest,  and  they  know  that  the  benefits  to  be 
"  obtained  from  such  a  fund  compare  unfavourably  both  as  to 
"  amount,  elasticity  and  varierty  of  options  with  the  benefits  which 
"  may  be  obtained  from  an  insurance  company.  The  teacher  will 
"  say  with  some  reason  that  if  he  is  to  be  asked  to  contribute  his 
"  money — to  make  a  contribution  from  his  modest  salary  in  order  to- 
"  secure  provision  for  his  old  age — he  should  at  least  be  allowed  to 
"  take  that  money  to  the  quarter  in  which  it  will  earn  the  best  rate 
"  of  profit.  There  is  another  objection.  If  you  have  a  fund,  then 
"  that  fund  must  be  subjected  to  periodical  valuation.  I  have  a 
"  very  great  respect  for  the  sombre  science  of  the  actuary.  But  the 
"  science  of  the  actuary  is  not  an  exact  science,  and  whenever  a  fund 
"  of  this  kind  comes  up  for  revaluation  there  will  always  be  disputes 
"  as  to  the  rate  of  mortality,  and  there  will  also  be  disputes  as  to 
"  the  rate  of  interest.  Again,  I  say,  the  larger  the  operation  the 
"  more  complex  it  becomes.  We  have  decided  that  this  scheme  of 
"  superannuation  shall  be  non-contributory." 

Mr.  Fisher  proceeded  to  repudiate  the  suggestion  that  the 
Bill  would  increase  the  bureaucratic  tyranny  of  the  Board.  The 
suggestions  that  had  been  made  in  that  direction  were,  however,, 
limited  to  the  effect  of  the  Bill  on-  schools  at  present  independent 
of  the  Board,  and   its  possible  effect   in  forcing  them  to  become 

*  The  companies  might  well  consider  whether  and  how  they  should  contest 
this  supposed  principle,  which  has  beeu  invoked  before  (Cd.  7365).  The 
Government  to  which  Mr.  Fisher  belono^ed  must  have  paid  many  hundreds,  if  not 
thousands,  of  millions  to  armament  and  equipment  companies — concerns  which 
certainly  do  not  return  the  whole  or  greater  part  of  their  profits  to  their 
customers  as  do  life  offices. 
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"  grant  aided,"  and  thus  to  enter  the  pension  scheme.  I  cannot 
find  that  the  fimdamental  c[uestion  whether  free  pensions 
would  or  would  not  in  the  long  run  be  for  the  advantage  and 
add  to  the  dignity  of  the  profession  as  a  whole  was  ever  discussed 
in  the  way  that  has  been  common  in  America,  or  even  raised  by 
anyone.  The  claims  put  forward  for  the  Bill  wer-e  :  (i)  that  it 
would  promote  the  unity  of  the  teaching  profession  ;  (ii)  that  it 
would  improve  the  teaching  ;  (iii)  that  it  would  attract  the 
army  of  men  and  women  teachers  who  would  be  required  for  the 
purposes  of  the  new  Education  Act. 

Sir  James  Yoxall,  a  representative  of  the  teachers,  subse- 
quently asserted  in  the  debate  that  the  justification  for  the  Bill 
w^as  that  the  Board  would  not  other^^•ise  get  the  teachers  they 
wanted  ;  and  I  fancy  that  is  the  real  reason  of  the  Government 
for  this  hasty  legislation.  This  view  is  confirmed  by  a  statement 
by  Mr.  Fisher  who,  in  resisting  in  the  Committee  stage  of  the 
Bill  an  amendment  for  adding  to  existing  pensions,  said  : 

"  The  broad  principle  of  the  Bill  is  that  it  is  an  attempt  to  make 

the  condition  of  the  teaching  profession  attractive,  and  to  bring 

*'  into   the   profession    more   teachers  in  the   future.     The  Bill  is 

"  founded  on  broad  considerations  of  public  policy,  and  it  has  for  its 

'  purpose  the  securing  of  a  certain  definite  public  advantage.  It  is 
not  designed  to  give  benefit  to  individuals  unaccompanied  by  service 
of  public  advantage.  Consequently  this  Bill  is  not  concerned  with 
those  who  have  already  left  the  service  in  Grant-aided  schools,  and 

'  who  will  never  return  to  the  service,  either  because  they  have 
migi'ated  to  other  occupations  or  because  they  have  retired  from 

'  active  work." 

So  far  as  fundamentals  are  concerned  the  only  reasons  for 
setting  aside  the  departmental  Committee's  contributory  scheme 
of  1912  for  secondary  teachers  are  contained  in  the  imconvincing 
statement  by  Mr.  Fisher  which  I  have  already  quoted  ;  and  as 
regards  the  private  members,  twenty  in  number,  who  took  part 
in  the  second  reading  debate,  all  with  one  accord  encouraged  the 
expenditure  and  asked  for  an  extension  of  it  in  one  direction  or 
another.  One  or  two  members  had  some  misgivings  on  the 
subject  of  cost  and  were  referred  to  the  debate  on  the  Financial 
Resolution. 

I  have  therefore  referred  to  this  earlier  debate  and  find  that 
the  only  information  as  to  the  cost  of  the  measure  given  to  the 
House  by  Mr.  Fisher  was  as  follows  : 

There  is  one  question   which  has  been    asked  by  the  Hon. 
"  Member  for  Somerset  (Mr.  King),  which  is  germane  to  the  financial 
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"  resolution  which  we  are  now  discussing.  I  have  been  asked  to 
"  furnish  an  estimate  of  the  cost.  Of  course,  hon.  Members 
"  will  realize  that  the  cost  of  the  Pensions  Bill,  or  any  system 
"  of  pensions,  cannot  be  very  accurately  estimated.  There  are  a 
"  numl)er  of  uncertain  factors  in  any  preliminary  calculation,  but  I 
"  will,  however,  ofter  the  House  an  estimate  which  will,  I  think,  be 
"  as  good  as  can  be  provided  at  the  present  juncture. 

"  There  are  at  present  about  100,000  teachers  serving  the  State 
"  under  the  existing  law,  and  this  Bill  will  increase  that  number  by 
"  about  70,000,  and  it  will  also  increase  the  amounts  of  the  pensions 
"  to  be  granted  in  the  future,  besides  giving  other  benefits  in  addition. 
"  The  existing  Pensions  Scheme  now  costs  us  £256,000  yearly,  and 
"  would  probably  cost  in  ten  years'  time,  if  left  undisturbed,  about 
"  ,£428,000.  The  Pensions  Scheme  now  proposed  will  probably,  in 
"  ten  years'  time,  cost  about  £2,000,000  per  annum  more  than  this. 
"  I  ought  to  add  that,  in  giving  this  estimate,  I  make  no  attempt  to 
"  forecast  the  rise  in  salaries  which  may  take  place  in  ten  years'  time. 
"  I  have  endeavoured  to  take  account  of  the  rise  Avhich  has  been 
"  going  on  through  this  year  but  not  lieyond  that.  Any  further 
"  increase  in  salaries  will  ultimately  bring  with  it  a  corresponding 
"  increase  in  pensions. 

"  I  have  taken  account  of  the  increase  in  the  number  of 
"  pensionable  teachers  which  will  immediately  result  from  the 
"  inclusion  within  the  pensions  system  of  70,000  teachers  who  are 
"  now  outside  the  system,  but  I  have  not  attempted  to  forecast  Avhat 
"  may  be  the  increase  in  the  number  of  teachers  in  this  country  due 
"  to  the  extension  of  our  educational  system.  As  that  grows  so 
"  must  also  the  expenditure  grow,  both  on  salaries  and  on  pensions. 
"  To  carry  the  forecast  beyond  ten  years  would  involve  too  many 
"  problematical  results.  My  hon.  friend  asked  me  for  an  estimate 
"  twenty  years  hence,  but  that  would  be  very  difficult  to  give.  On 
"  the  whole  the  best  indication  I  can  give  of  the  expected  cost  of 
"  the  present  measure  is  to  say  that  at  the  present  moment  the 
"  salaries  of  teachers  in  grant-aided  schools  amount  to  something  over 
"  £20,000,000  a  year,  and  on  those  teachers  and  those  salaries  we 
"  expect  the  pension  system  ten  years  from  now  to  cost  something 
"  like  £2,500,000  per  annum,  of  which  £2,000,000  will  be  new 
"  money,  and  the  remainder  is  what  the  present  system  would  cost 
"  if  left  unaltered.  That  is  as  far  as  I  can  go  at  the  present  moment, 
"and  I  hope  that  indication  v\-ill  satisfy  my  hon.  friend  opposite." 

Our  science  may  be  sombre,  and  it  may  be  inexact,  but  the 
Government  Actuary  could  upon  request  have  furnished  the 
House  with  something  much  closer  than  this.  Mr.  Fisher  states 
one  interesting  fact,  namely,  that  on  the  basis  of  present  establish- 
ments the  salary  list  affected,  will  be  over  £20,000,000  a  year.  I 
take  this  sum  though  it  looks  low  for  170,000  teachers.  On 
establishments  not  rapidly  growing  the  "  non-ef?ective  "  vote 
for  pensions  on  the  Civil  Service  scale  has  usually  varied  between 
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20  and  30  per-cent  of  current  salaries,  so  that  an  ultimate  charge 
to  the  state  of  £5,000,000  a  year  w-ill  be  nearer  the  mark  than  the 
£2,500,000  given  to  the  House  as  the  probable  cost  in  ten  years' 
time.  But,  as  he  frankly  said,  Mr.  Fisher  made  no  allowance 
for  the  certain  growth  of  the  total  salary  hst  owing  (i)  to 
increases  of  scale  ;  (ii)  to  normal  increases  of  establishments  ; 
and  (iii)  to  the  special  increases  that  will  be  necessitated  by  the 
new  Education  Act.  It  is  therefore  clear  that  the  future 
expenditure  under  this  legislation  must  amount  to  a  very  large 
sum. 

The  Committee  stage  of  the  Bill  need  be  referred  to  only 
so  far  as  general  principles  were  touched  upon.  The  principal 
debate  centred  in  a  somewhat  general  desire  to  extend  the  Bill 
to  outside  secondary  schools  which,  though  not  grant-aided, 
were  admittedly  efficient.  The  Minister  himself  proposed  an 
amendment  giving  the  Board  power  to  make  rules  which  would 
include  many  of  these  cases.  Sir  Henry  Craik,  the  only  vocal 
member  who  really  weighed  the  fundamental  principle  of  the 
Bill,  again  spoke  as  follows  : 

"  I  warn  him  (Mr.  Fisher)  that,  however  small  this  Bill,  and 
"  however  little  attention  is  given  to  its  various  stages,  he  is  taking 
"  a  very  new  and  a  very  long  step  forward  towards  making  teachers 
"  in  public  schools  into  Civil  servants,  and  I  object  to  that  on  the  part 
"  of  the  teaching  profession.  I  think  that  sooner  or  later  this  will 
work  evil  in  the  teaching  profession.  Why  are  you  to  take  one  class 
of  the  community  more  than  another,  unless  they  are  to  be  considered 
"  as  Civil  servants  in  the  service  of  the  State,  and  give  them  pensions 
"  without  any  contribution  1  There  is  no  other  class  who  hitherto 
"  have  been  pensioned  on  a  non-contributory  system.  This  matter 
"  does  not  deal  only  with  England.  It  affects  also  Scottish  teachers 
"  very  largely.     Hitherto  it  has  been  the  case  that  Scottish  and 

'  English  teachers  were  on  an  equal  footing Now  you  are 

'  digging  a  gulf  between  the  two  sets  of  teachers.     A  teacher  cannot 

"  change  from  England  to  Scotland  without  dislocating  entirely  the 

"  scheme  of  pensions  for  Avhich  he  stands.     In  Scotland  we  have,  so 

far,  only  contributory  pensions.     I  am  quite  aware  that  teachers 

*  are  not  a  very  reticent  class  in  Scotland  if  they  have  any  grievance, 

and  they  have  not,  so  far  as  I  am  aware,  asked  that  the  contributory 

"  system  should  be  entirely  abolished.     I  have  always  insisted  on 

liberal  aid  being  given,  but  that  it  should  be  started  on  a  principle  of 

small  contributions,  and  I  do  not  see  why  you  have  suddenly  started 

an  entirely  new  scheme  for  England,  which  is  to  leave  Scotland  out 

altogether,  and  which  is  to  exclude  from  the  category  for  Avhich 

provision  is  made  one  class  of  schools  which  do  not  come  within 

the  hard-and-fast  official  regulations.     That  is  the  centre  of  my 

doubts  about  your  Bill,  and  it  is  not  removed  by  the  Amendment 
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'"  of  the  Right  Hon.  Gentleman,  though  it  is  the  only  Amendment 
*'  which  has  been  introduced  to  allcA'iate  this  hardship.  I  do  not 
"  think  that  it  is  sufficient  to  do  away  with  A-ery  many  of  the 
*"  objections  which  can  be  urged  against  this  Bill." 

Opposed  as  he  was  to  the  principle  of  the  Bill,  Sir  Henry 
Craik,  as  I  think  a  little  unfortunately,  said  that  if  passed 
at  all  it  should  be  extended  to  all  schools.  The  battle  raged, 
in  fact,  romid  the  fear  of  the  bureaucratic  tyi-anny  of  the  Board. 
He  was  followed  by  Sir  William  J.  Collins,  who  was  a  member 
of  the  recent  Committee  at  King  Edward's  Fund  on  Hospital 
Pensions,  and  who  spoke  as  follows,  after  welcoming  the  Bill  : 

As  has  been  pointed  out,  in  the  matter  of  principle  this  Bill 
has  made  a  most  important  change  in  the  whole  method  of  retire- 
ment legislation,  and  I  think  that  that  might  be  given  as  a  reason 
for  not  pressing  the  Right  Hon.  Gentleman  to  go  much  further 
than  he  has  done  in  the  case  of  these  non-Grant-aided  schools. 
After  all  in-  1912  a  committee  was  appointed  to  consider  the 
pensions  of  secondary  school  teachers,  and  the  Right  Hon.  Gentleman 
has  told  us  that  he  threw  over  the  proposal  of  a  federated 
university  scheme  on  the  contributory  principle,  and,  under  this 
Bill,  pensions  are  being  given  out  of  moneys  provided  by  Parliament 
to  persons  who  are  not  in  the  employment  of  the  State  without 
any  contribution  either  from  the  beneficiaries,  or  from  those  who 
employ  them  in  the  shape  of  local  authorities  or  management. 
These,  indeed,  may  be  described  as  revolutionary  principles,  and 
very  generous  principles,  in  the  matter  of  pensions,  but  I  think  one 
can  hardly  press  the  Right  Hon.  Gentleman  to  go  much  further 
when  Ave  are  dealing  Avith  these  priA'ate  schools  Avhich  are  still  less, 
as  it  were,  connected  Avith  any  State  organization.  If  the  teachers 
in  them  are  to  enjoy  pension  rates  on  the  Civil  Ser\ice  scale  Avithout 
any  contribution  Avhatever,  if  that  principle  be  conceded,  I  can 
hardly  see  Avhere  the  development  on  these  lines  Avill  stop.  You 
must  remember  that  the  schemes  of  the  police,  the  Poor  Law,  the 
Asylums  officers,  the  Metropolitan  borough  councils  are  contributory 
schemes,  and  obAaously  in  the  case  of  the  municipal  employes  and 
the  borough  and  county  councils,  about  whom  a  committee  is 
sitting,  the  principle  in  this  Bill  will  be  cited  as  a  model  for  future 
pension  schemes.  I  confess  that  to  press  the  Right  Hon.  Gentleman 
further  in  the  matter  of  these  private  schools  than  he  has  already 
gone  or  to  widen  the  limitations  he  has  prescribed  in  this 
Amendment  is  scarcely  fair.  ...  I  do  not  think  in  the  Committee 
stage  or  noAv  Ave  have  heard  any  estimate  of  the  final  cost  out  of 
the  public  revenue  of  pensioning  these  teachers  in  private  schools. 
For  these  reasons  I  do  not  think  the  Right  Hon.  Gentleman  should 
be  pressed  to  go  further.  He  has  made  generous  provision  for 
the  private  teacher  and  I  hope  this  Bill  will  satisfactorily  pass 
"into  law." 
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Mr.  Dillon  not  only  supported  the  Bill,  but  pressed  for  its 
universal  application  as  opposed  to  leaving  any  discretionary 
power  with  the  Board.  As  an  old  parliamentarian  he  may  well 
be  listened  to  on  this  point  : 

"  All  experience  in  this  matter  goes  to  show  that  when  you 

*'  introduce  measures  of  this  character  which  set  up  a  privileged 

*'  class  the  results  of  the  operation  of  these  measures  go  far  in  excess 

"  of  what  their  originators  dreamed  of.     They  set  up  a  tendency 

which  grows  and  becomes  irresistible,  and  although  it  is   only 

"  recently  that  the   Minister  of  Education    has   got   control  of   a 

"  Government  Department  he  must  know  the  inevitable  law,  like 

"one    of   the   great   laws   of   science,    that    all    the    Government 

Departments  are  consumed  with  a  desire  to  eat  up  everything  that 

comes  their  way.     I  am  not  l^laming  them.     It  is  of  their  essence 

"  and   nature  and  Government  Departments  universally — I   never 

''  knew  an  exception — imagine  that  their  methods  are  the  best,  and 

"  their  whole  desire  and  tendency  is  to  gather  everything  under  the 

*'  machine,  run  it  all  in  accordance  with  the  machine  anfl  get  it 

"  under  their  control." 

After  similar  appeals  for  extension,  Mr.  Fisher  brought  the 
discussion  back  to  a  sense  of  proportion  by  remarking  that, 
while  the  original  Bill  would  apply  to  170,000  elementary  and 
secondary  teachers,  there  were  left  outside  only  2,600  teachers 
in  105  schools  who  were  on  the  Board's  efficient  list,  and  that 
his  object  was  to  try  and  provide  for  some  of  those.  If  the 
whole  were  included  the  annual  cost  in  10  years'  time  would  be 
about  £90,000.  His  proposal  was  then  agreed  to.  I  think 
nothing  else  of  main  interest  occurred  in  Committee  apart  from 
the  general  endeavour  to  secure  extensions — especially  in  the 
case  of  administrative  officers  of  education  authorities  ;  and 
I  would  have  made  my  quotations  still  shorter,  but  for  the  side- 
lights thrown  on  important  questions  of  principle. 

What  is  the  bearing  of  the  new  Act  on  the  general  principle 
of  vested  rights,  with  which  in  this  note  I  am  more  particularly 
concerned  ?  I  cannot  see  that  it  carries  any  weight  at  all  in 
theory,  whatever  it  may  do  in  practice.  If  it  is  to  the  temporarv 
and  pecuniary  advantage  of  the  State  to  bribe  or  induce  entrants 
to  a  profession  by  the  promise  of  free  pensions,  and  thus  secure 
them  in  a  grip  for  life,  then  surely  it  must  be  to  the  advantage 
of  the  profession  to  cry  "  tinieo  Danaos  "  and  refuse  the  proffered 
gift.  As  I  have  said,  the  only  vocal  member  of  Parliament  who 
faced  fundamental  principles  was  Sir  Henry  Craik,  and  he  on 
the  second  reading  remarked  :  "I  should  be  false  to  the  whole 
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'"'  work  of  my  life  if  I  did  anything  which  would  delay  and 
"  hinder  a  real  benefit  to  the  teacher.  As  I  have  ui'ged  over  and 
"  over  again,  be  Hberal  in  your  salaries  and  pensions  ;  but  I  am 
"  not  quite  sui'e  that  this  benefit,  accompanied  as  it  is  by  a 
"  transformation  of  the  whole  profession  into  what  will  come 
"  very  nearly  to  a  Civil  Service  system,  will  be  in  the  long  run 
"  for  the  real  advantage  of  that  profession  or  for  the  advantage 
"  of  education." 

To  the  onlooker  it  would  seem  that  prior  to  this  legislation 
the  teaching  profession  was  in  a  strong  position.  The  State 
was  faced  with  the  apparently  impossible  task  of  securing  the 
teachers  it  required  on  the  basis  of  existing  inducements.  By 
combination  the  teachers  could  have  raised  the  whole  level  of 
remuneration  of  their  profession ;  while  the  superannuation 
system  recommended  by  the  Departmental  Committee  of  1912, 
or  something  similar,  would  have  secured  to  them  the  vested 
pension  rights,  and  thus  at  the  same  time  their  liberty.  As 
Mr.  Fisher  happily  remarked  "  the  casuistry  of  life  is  infinite  ", 
and  one  must  not  dogmatize  without  full  knowledge ;  but  as 
the  case  stands  we  must  refuse  to  accept  this  new  Act,  based 
as  it  is  on  opportunist  reasoning,  as  settling  the  question 
of  principle  whether  pension  rights  should  or  should  not  vest 
from  year  to  year.  Meanwhile  it  seems  to  me  that  the  University 
staffs  in  this  coimtry,  who  do  not  come  within  the  scope  of  the 
new  Act,  but  who  have  already  succeeded  in  estabhshing  the 
principle  of  vested  rights,  would  be  wise  to  regard  the  preserva- 
tion of  that  principle  as  fundamental  in  any  steps  they  may 
take  to  improve  their  own  position. 

Whatever  may  be  our  opinions  on  the  merits  of  this  question 
of  principle  it  is  clearly  matter  for  regi-et  that  Parliament  should 
have  failed  signally  to  realize  the  importance  of  discussing  it 
and  dealing  with  it  advisedly.  The  need  for  some  clear  thinking 
on  it  still  exists,  and  it  is  thus  that  the  points  involved  present 
themselves  in  summary  to  my  mind  : 

(i)  If  men  and  women  are  to  do  their  best  work  must  they 

not  be  free  ? 
(ii)  If  they  are  to  be  free  must  not  pension  rights  enure  and 

vest  from  year  to  year  ? 
(iii)  If  the  answer  to  these  questions  is    in  the  affirmative 
economic    enquiry    should    follow    into    a    remainiig 
question,  namely  :  On  whom,  whether  employers  or  em- 
ployees or  both,  does  the  cost  of  pensions  really  fall  ? 
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In  other  words,  we  need  to  determine  clearly  whether,  as  is 
ccmmonly  supposed,  pensions  can  only  be  paid  for  in  the  long 
run  by  the  labour  of  the  employees.  If  that  be  so  and  if  the 
cost  really  falls  on  the  latter,  we  shall  then  be  on  firm  gromid 
in  asserting  that  they  cannot  sacrifice  freedom  and  accept  free 
pensions,  where  employers  hold  the  power  of  the  pm'se,  without 
economic  detriment. 


The  American-Canadian  Mortality  Investigation,  1900-1915.* 

[Communicated  by  Me.  Ahthtjr  Huntee,  A. I. A.,  F.F.A.,  Chairman  of  the 
Committee  on  Mortality  Investigation.] 

Synopsis  of  Vol.  I  of  the  Eeport. 

J_HERE  are  two  tables  in  use  in  the  United  States  for  the 
calculation  of  premiums  and  of  reserves,  namely,  the 
"  Actuaries'  Combined  or  Seventeen  Ofiices ",  and  the 
"  American."  The  former,  published  in  1843,  has  been  httle 
used  in  recent  years  except  by  companies  which  assumed 
4  per-cent  interest.  The  principal  reason  for  the  '•  Actuaries'  " 
Table  remaining  in  use  so  long  is  that  it  is  the  basis  for  valuation 
in  States  in  which  4  per-cent  interest  is  permitted.  The 
"  American,"  with  interest  at  3  per-cent  or  2>^  per-cent,  is 
the  reserve  standard  in  most  of  the  States  and  is  the  basis  of 
premiums  in  the  principal  American  companies.  The  table  was 
completed  in  1860  and  was  based  largely  on  the  experience  of 
the  Mutual  Life  Insurance  Company.  The  rates  of  mortality 
are  considered  as  "  ultimate,"  but  the  American  Table  at  the 
younger  ages  is  known  to  be  distinctly  higher  than  the  ultimate 
experience.  As  the  reserves  based  on  that  table  are  considered 
sufficient  and  as  the  premiums  based  thereon  result  in  a  satis- 
factory margin  of  safety,  there  has  not  been  a  disposition  to 
make  the  radical  changes  which  a  new  table  might  necessitate. 
These  might  involve  not  only  a  change  in  the  premium  rates 
and  in  the  reserves,  but  also  in  the  provisions  of  the  laws  of  the 
State  of  New  York  with  regard  to  initial  commissions  to  agents, 
the  measmement  of  the  company's  first  year's  and  total 
expense  allowances  and  the  rule  for  determining  the  maximum 
new  business  permitted. 

The  National   Convention   of  Insurance  Commissioners   in 

*  Published  by  the  Actuarial  Society  of  America. 


260       The  American-Canadian  Mortality  Investigation.    [April 

August  1911  requested  the  Actuarial  Society  to  "turn  its 
"  attention  to  the  construction  of  new  mortality  tables  covering 
*■  the  general  experience  of  the  companies  among  normal  lives." 
It  was  then  pointed  out  by  the  Society  that  the  new  table  would 
probably  show  slightly  higher  reserves  and  that  the  premiums 
charged  by  the  insurance  companies  would  not  necessarily  be 
affected  by  such  a  new  table  because  a  larger  loading  might  be 
required.  A  larger  percentage  of  loading  would  doubtless  be 
necessary  in  the  case  of  the  companies  issuing  non-participating 
policies  with  a  loading  of  from  0  to  5  per-cent  on  the  net 
American  3^  per-cent  premiums.  These  companies  expect  to 
pay  part  of  their  expenses  out  of  the  savings  in  mortality  which 
would  largely  be  eliminated  under  the  new  table. 

The  Actuarial  Society  expressed  its  intention  of  preparing 
a  new  mortality  table  after  the  Medico-Actuarial  Mortality 
Investigation  had  been  completed.  In  1914,  before  the  pubh- 
cation  of  the  last  volume  of  the  report  on  the  M.A.M.I.,  the 
Insurance  Commissioners  again  asked  the  Society  "  to  con- 
'■  stmct  a  mortality  table  which  is  in  keeping  with  the  ascer- 
'■  tained  experience  of  American  companies."  In  1915  the  first 
meeting  to  make  the  plans  for  the  investigation  took  place. 
The  Insurance  Commissioners  appointed  a  committee  of  Insur- 
ance Department  Actuaries  to  co-operate  with  the  committee 
of  the  Actuarial  Society,  while  the  latter  invited  the  American 
Institute  of  Actuaries  to  appoint  a  committee  of  co-operation. 
The  work  has  been  conducted  by  the  Actuarial  Society  and  the 
other  two  bodies  have  given  their  advice  and  assistance. 
While  the  main  purpose  of  the  investigation  was  to  obtain 
*'  select  "  and  "  ultimate  "'  tables  based  on  the  experience  of  men 
resident  in  the  United  States  (Ainerican  men),  advantage  was 
taken  of  the  opportunity  to  obtain  corresponding  tables  for  men 
resident  in  Canada  (Canadian  men),  and  to  investigate  the 
mortality  among  women.  These  results  are  given  in  Volume  I, 
while  in  Volume  II  will  appear  the  report  on  other  investigations 
such  as  the  mortahty  by  plan  of  insurance  among  American 
men,  by  groups  of  States  in  the  United  States  and  by  provinces 
in  Canada. 

As  an  investigation  based  on  recent  data  was  desired,  it 
was  decided  to  take  the  experience  during  the  years  1900  to 
1915  inclusive.  This  included  the  issues  of  1900  to  1914  carried 
to  the  anniversary  of  the  policies  in  1915,  and  also  the  issues 
prior  to  1900,  if  continued  in  force  mitil  a^ter  the  anniversary  of 
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the  policies  in  1900.  Thus,  a  poUcv  issued  in  1895  was  observed 
from  its  anniversary  in  1900  to  the  anniversary  in  1915,  or  its 
previous  termination. 

The  investigation  is  based  on  amounts  insured,  but  policies 
issued  at  the  same  age  on  any  individual  life  for  more  than 
8100,000  were  treated  as  $100,000. 

If  all  the  data  of  the  large  companies  had  been  taken,  thev 
would  have  had  a  preponderating  influence  in  the  investigation , 
and  accordingly  a  rule  was  adopted  whereby  the  larger  the 
company,  the  smaller  would  be  the  percentage  of  its  data  to  be 
contributed. 

For  the  benefit  of  students  the  report  gives  the  reasons  of 
the  committee  for  adopting  the  several  rules  such  as  those  with 
regard  to  policies  (a)  dated  back,  (6)  changed  in  amount  and  in 
plan,  (c)  lapsed  and  reinstated.  The  reasons  are  also  given  for 
omitting  policies  re-insured  in  bulk,  or  issued  on  the  group 
insurance  plan  and  those  issued  incontestable  from  date. 

The  mean  duration  method  of  determining  the  dui'ation  of 
the  insurance  was  used. 

Probably  fewer  refinements  in  techuical  treatment  were  made 
than  in  any  similar  investigation,  but  it  is  believed  that  the 
methods  used  give  as  accurate  results  as  are  necessarv  for  the 
purposes  of  the  tables. 

A  studv  of  the  methods  used  in  collecting  and  in  recordinsf 
the  data  shows  that  the  companies  in  general  gave  their  share 
of  the  data  on  "  policy  sheets",  and  that  "  perforated "  cards 
were  prepared  by  the  Bureau  established  by  the  Actuarial  Societv 
to  carry  on  the  work.  Both  the  perforating  and  the  sorting^ 
machines  are  developments  of  those  used  in  the  M.A.M.I.  The 
tabulating  machine,  in  addition  to  making  summations  of 
different  columns,  printed  a  record  of  each  card,  giving  such 
items  as  year  of  issue,  age  at  entry,  duration,  sex,  mode  of 
termination,  plan  of  insurance,  habitat  at  date  of  apphcation 
for  insurance,  and  amount  of  insurance. 

Extent  of  the  Statistics. 

Fifty-nine  American  and  Canadian  companies,  representing 
95  per-cent  of  the  regular  insm'ance  in  the  United  States  and 
Canada,  contributed  to  the  investigation. 

From  the  following  table,  the  extent  of  the  data  mav  be 
judged  : 
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Total  exposures     . . . 
Dead          

Average  exposure . . . 

Total  exposures     ... 

Dead           

Average  exposui-e... 

American  Men 

American   Women 

$26,003,321,900 
436,345,200 
6-88  years 

$787,819,500 
10,878,500 
6- 18  years 

Canadian  Men 

Canadian  Women 

$2,743,665,100 
29,400,800 
6'0o  years 

$69,144,100 

672,500 

637  years 

American  Mex. 

A  number  of  tests  showed  that  the  effect  of  medical  selection 
apparently  did  not  extend  beyond  the  fifth  pohcy  year.  At  the 
younger  ages  the  mortahtywas  much  lower  than  in  the  American 
table,  the  ratio  to  the  American  table,  for  example,  at  attained 
age  30  was  51  per-cent.  It  was  accordingly  to  be  expected  that 
the  mortality  during  the  early  pohcy  years  would  not  show  as 
great  an  effect  of  selection  as  was  generally  assimied. 

In  the  following  table  the  ultimate  q  of  the  new  experience 
of  American  Men — to  be  known  as  the  A.M. — is  compared  for 
decennial  ages  with  the  q  of  four  standard  tables  : 

Comparison  of  Bates  of  Mortality  nith  A.M.^"^ 


Attained 

Batio  to 

Ratio  to 

Ratio  to 

Ratio  to 

Age 

0M(5) 

American 

M.A.  ultimate 

U.S.  Males  (1910) 

25 

63% 

53% 

90% 

77% 

35 

57 

55 

96 

58 

45 

66 

69 

103 

61 

55 

84 

95 

112 

82 

65 

96 

103 

106 

95 

75 

99 

96 

98 

97 

The  foregoing  percentages  show  (1)  that  there  has  been  a 
marked  improyement  in  the  mortality  among  insured  hyes  at 
the  }'ounger  ages,  but  httle,  if  any,  at  the  older  ages ;  (2)  that 
there  is  not  a  wide  difference  on  the  whole  between  the  Medico- 
Actuarial  Mortahty  Table  (ultimate)  and  the  American  Men 
ultimate  table  ;  (3)  that  there  is  a  much  lower  death  rate 
(ultimate)  in  the  insurance  companies  than  in  the  population  of 
the  United  States  except  at  the  older  ages  when  there  is  little 
difierence. 
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A  feature  of  the  ultimate  curve  of  mortality  is  that  neither 
the  Gompertz  nor  Makeham  method  is  suitable  prior  to  age  50, 
and  it  is  necessary,  on  account  of  the  flatness  of  the  curve  at  the 
younger  ages,  to  apply  a  supplementary  curve.  In  the  report 
are  given  at  quinquennial  ages  the  results  of  graduations  by 
Spencer's  21  Term  Formula,  King's  Osculatory  Interpolation, 
Larus'  23  Term  Formula,  G.  F.  Hardy's  Friendly  Society 
Formula,  a  Makeham  graduation  with  a  supplementary  curvC; 
and  a  Gompertz  graduation  with  a  supplementary  curve. 
The  method  finally  adopted  was  based  upon  Makeham's  second 
modification  of  Gompertz's  Law  with  a  supplementary  curve. 

The  same  method  was  applied  to  the  graduation  of  the  first 
five  insurance  years  with  modified  values  of  the  constants  other 
than  c  for  each  duration.  A  short  table  is  now  given  of  the 
graduated  rates  of  mortality  at  decennial  ages  at  entry  : 

American  Mev. 


Age  at 
Entry 

9M 

9W+1 

?W+2 

9W+3 

5M+4 

2M+5 

15 

•00247 

•00324 

•00341 

•00355 

•00372 

•00392 

25 

•00293 

•O0384 

•00102 

•00412 

•00127 

•00446 

35 

•00316 

•00429 

•00457 

•00480 

•00523 

•00584 

45 

•00482 

•0(J690 

•00782 

•00866 

•00992 

•01158 

55 

•00994 

•01447 

•01712 

•01951 

•02271  ' 

•02668 

65 

•02252 

•03267 

•03031 

•04517 

•05263 

•06147 

In  the  M.A.  Mortality  Table,  based  on  pohcies,  the  effect  of 
selection  was  not  apparent  for  more  than  five  years,  and  the  same 
is  true  of  the  new  table.  In  the  latter  the  ratio  of  actual  to 
expected  deaths  by  the  ultimate  table  for  ages  at  entry  15  to  M, 
is  100  ■  1  per-cent  for  the  sixth  to  the  tenth  insurance  years  and 
98*7  per-cent  for  the  eleventh  to  the  fifteenth  insurance  years. 
There  is  no  evidence  that  the  ultimate  rates  should  have  been 
prepared  by  including  more  poHcy  years  at  the  young  ages  or 
fewer  years  at  the  older  ages  at  entry. 

As  the  last  death  in  the  American  Experience  Table  is 
assumed  to  be  at  age  96,  the  custom  of  the  companies  is  to  pay 
the  face  amomit  of  the  insurance  at  that  age.  The  history  of 
these  cases  was  traced  by  the  companies  to  the  date  of  death, 
or  the  pohcy  anniversary  in  1915. 

The  net  premiums  under  the  American  Men  MortaUty  Table 
(ultimate)  are  naturally  lower  than  under  the  American 
Experience  Table.     At  age  20  this  amounts  to  18  per-cent,  and 
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at  60  to  1  pei'-cent  ou  the  Ordinary  Life  plan.  Comparing  the 
new  table  with  the  O^^^'^K  the  corresponding  percentages  are 
17  per-cent  and  2  per-cent.  On  the  20-year  Endowment 
Insurance  plan  at  age  20  the  A.M/'^^  is  5|  per-cent  lower  than 
the  American  and  4  per-cent  lower  than  the  0-^^^^^  while  at  age 
60  there  is  practically  no  difference  in  the  premiums  under  the 
American  and  A.M/^',  but  the  0^^^^^  is  2  per-cent  higher  than 
the  A.M.<^> 

The  difference  between  the  mean  reserves  on  the  A.M.*^^  and 
the  American  varies  with  age  at  entry,  duration  of  policy  and  plan 
of  insurance,  although  they  are  generally  higher  under  the 
former  than  under  the  latter  on  the  Ordinary  Life  plan.  A 
valuation  of  the  entire  business  of  an  old  established  company 
showed  2  per-cent  higher  reserve  on  the  A.M.^^^  than  on  the 
American  basis. 

It  is  rather  rash  to  express  an  opinion  with  regard  to  the 
chance  of  the  new  table  taldiig  the  place  of  the  American  for  the 
calculation  of  premiums  and  reserves.  The  chance  is  less  than 
it  was  before  the  influenza  epidemic.  The  deaths^  during  the 
last  three  months  of  1918  were  in  most  companies  approximately 
the  same  in  amount  as  during  the  first  nine  months  of  the  year — 
in  other  words  the  death  rate  for  October,  November  and 
December  1918,  was  three  times  the  normal.  In  these  months 
the  deaths  in  the  population  from  influenza  and  epidemic 
pneumonia  was  about  4'5  per  1,000  inhabitants. 


Canadian  Men. 

As  may  be  seen  from  the  following  comparison  of  the  rates  of 
mortality  for  the  sixth  and  succeeding  insurance  years  com- 
bined the  mortality  among  Canadian  men  is  much  lower  than 
that  shown  by  the  0^^^^^  the  standard  for  valuation  in  Canada  : 

Comparison  of  Canadian  Mortality  Table  CM.^""^ 


Attained 
Age 

Ratio  to 

Ratio  to 

A.M.'s' 

25 
35 

64% 
53 

102% 
93 

45 

58 

88 

55 

71 

84 

65 

83 

87 

75 

93 

94 

1 
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Except  at  the  young  ages  the  ultimate  mortality  among 
Canadian  men  is  lower  than  among  American  men  and  the  same 
result  was  fomid  to  apply  generally  to  the  first  five  policy  years. 

The  method  of  graduation  was  the  same  as  that  apphed  to 
the  American  Men  Table,  but  there  were  greater  percentages 
of  de\'iation  in  the  expected  deaths  as  the  material  for  Canadian 
men  was  only  10  per-cent  of  that  for  American  men.  In  the 
following  appears  the  graduated  rates  of  mortahty  for  decennial 
ages  at  entry  : 

Canadian  Men. 


Age  at 
Entry 

?M 

S'M+l 

iW+1      1 

^M+s 

i{x]+i 

9M+5 

15 

•00195 

■00307 

■00342 

•00370 

•00393 

■00412 

25 

■00254 

■00365 

•00394 

•00411 

•00423 

•00428 

35 

■00280 

■00380 

•00414 

•00453 

■00495 

•00533 

45 

■00469 

■00582 

•00659 

•00761 

•00877 

•00987 

55 

■01011 

■01186 

•01386 

•01657 

•01964 

•02258 

65 

■02425 

•02783 

•03303 

•03996 

•04773 

•05507 

The  net  premiums  on  the  CM.^""^  are  lower  than  on  the  0^^^^\ 
The  mean  reserves  are  sometimes  higher  and  sometimes  lower 
on  the  former  than  on  the  latter,  depending  on  age  at  entry, 
duration  of  poHcy  and  plan  of  insurance. 

MOETALITY   AMOXG   WOMEX. 

It  was  shown  in  the  Medico- Actuarial  Mortahty  Investigation 
that  the  mortahty  among  women  depended  upon  their  conjugal 
condition  at  the  date  of  application  for  insurance.  The  lowest 
ratio  of  actual  to  expected  deaths  was  81  per-cent  of  the 
Medico-Actuarial  Table  (M.A.)  among  spinsters  and  the  iiighest 
126  per-cent  among  married  women  whose  husbands  were  the 
beneficiaries.  When  the  data  were  di\nded  by  plan  of  insurance 
the  relative  mortahty  among  the  four  classes  of  women  differed 
only  slightly  from  the  experience  for  all  plans  combined.  The 
present  investigation  does  not  make  a  division  according  to 
either  conjugal  condition  or  plan  of  insurance,  and  its  chief 
value  therefore  is  in  enabling  us  to  compare  the  experience  by 
amounts  insured  among  women  with  that  among  men. 

The  ratio  of  actual  to  expected  deaths  by  the  A.M.  Table  is 
110*8  per-cent  for  American  women  for  the  fii'st  to  the  fifth 
insurance  years,  91  "5  per-cent  for  the  sixth  and  succeeding  years., 
and   94  "4    per-cent    for    the    entire    experience.     The    detailed 
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tables  show  that  the  mortality  among  American  women  was  not 
as  good  as  among  American  men  in  the  early  insurance  years, 
but  was  distinctly  better  in  the  sixth  and  succeeding  years  at 
attained  ages  over  40.  On  the  whole  the  companies  have 
experienced  a  better  mortality  on  women  than  on  men. 

Measuring  the  mortality  on  Canadian  women  by  the  select 
and  ultimate  table  for  Canadian  men  (CM.)  the  ratio  of  actual 
to  expected  deaths  is  117*9  per-cent  for  the  first  five  insurance 
years,  93  "3  per-cent  for  the  sixth  and  succeeding  years  and 
97  "9  per-cent  for  the  entire  experience.  The  relative  mortality 
was  slightly  lower  than  among  American  women,  but  this 
may  be  due  to  a  different  distribution  by  conjugal  condition, 
or  to  a  different  distribution  of  the  insurance  between  very 
healthful  and  less  healthful  habitat,  or  to  accidental  fluctuations. 
(The  amount  of  material  on  Canadian  women  is  small,  the 
actual  deaths  amounting  to  $672,500). 

The  statistics  show  that  the  experience  on  Canadian  women 
is  shghtly  more  favourable  than  among  Canadian  men,  but  less 
favourable  in  the  earlier  insurance  years  and  at  the  younger 
attained  ages. 

There  was  no  difficulty  in  choosing  a  name  for  the  experience 
on  Canadians.  As  there  has  not  been  any  table  prepared  in 
Canada,  based  on  either  the  population  or  insured  lives,  it  was 
obviously  proper  to  use  the  word  "  Canadian  "  as  a  designation. 
When  it  came  to  selecting  a  name  for  the  American  experience 
considerable  difficulty  was  met.  The  name  "  American  "  had 
been  pre-empted  by  the  table  constructed  in  1860  by  Sheppard 
Homans  and  D.  Parks  Fackler,  although  it  did  not  merit  such 
a  comprehensive  title.  The  phrase  "  United  States  Life  Tables" 
could  not  be  used  because  the  Government  had  selected  that 
designation  for  the  experience  based  on  the  population  of  1910 
and  the  deaths  for  the  three  years  1909,  1910  and  1911.  There 
is  an  Actuaries'  Table  and  an  American  Offices  Table.  While 
not  very  satisfactory  on  account  of  the  limitations  thus  imposed 
the  title  chosen  was  American  Men  Mortahty  Table.  It  is  there- 
fore written  A.M.  and  not  A^. 

The  instructions  and  rules  were  sent  to  the  companies  in 
June  1916,  and  the  data  recorded  on  pohcy  sheets  were  received 
by  the  Bureau  at  the  end  of  that  year  or  the  beginning  of  1917. 
With  a  force  of  less  than  twenty  women  the  work  of  perforating 
over  2,000,000  cards,  of  sorting  and  tabulating  the  data  was 
completed  with  the  help  of  modem  electrical  machinery  in    less 
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than  a  year.  The  calculation  of  the  expected  deaths  was  done 
by  a  force  of  clerks  of  one  of  the  insurance  companies,  working 
after  their  regular  office  hours.  If  the  war  had  not  intervened, 
making  it  difficult  to  obtain  the  services  of  trained  clerks, 
delaying  the  printing  for  many  months  on  account  of  lack  of 
proper  paper  and  expert  type-setters,  the  volume  containing  the 
investigations  here  described  would  have  been  available  in 
less  than  two  years  after  the  companies  were  asked  to  collect 
their  statistics. 


Two  recent  Legal  Decisions  affecting  Titles  to  Reversions. 
By  A.  H.   Withers,  Barrister-at-Law . 

The  decision  in  Hill  v.  Peters  [1918]  2  Ch.  273. 

-LT  has  long  been  settled  law  that  if  A,  being  entitled  to  a  life  or 
reversionary  interest  in  personal  estate  held  by  a  trustee,  assigns 
it  fii'st  to  X  and  secondly  to  Y,  then  X  and  Y  are  entitled  to 
priority  as  between  themselves  in  the  order  of  time  in  which  the 
trustee  receives  notice  of  their  respective  assignments.  This  is 
known  as  the  rule  of  Dearie  v.  Hall.  The  exceptions  to  this  rule 
prevent  Y  obtaining  priority  over  X  (1)  where  Y  has  not  given 
value  for  his  assignment  or  is  a  tnistee  in  bankruptcy  of  A,  &c., 
and  (2)  where  Y  at  the  time  of  taking  his  assignment  has  notice 
(actual  or  constructive)  of  the  assignment  to  X. 

The  recent  decision  of  Mr.  Justice  Eve  in  Hill  v.  Peters  says 
there  is  yet  another  exception,  namely,  where  the  assignment  to 
X  takes  the  form  of  a  declaration  of  trust  by  A  in  favour  of  X. 

In  Hill  V.  Peters  the  material  facts  were  shortly  as  follows  : 
In  September  1897  a  reversion  was  mortgaged  to  two  soHcitors, 
who  promptly  gave  notice  to  the  trustees  of  their  mortgage, 
and  in  the  following  month  declared  by  deed  (of  which  notice 
was  not  given  to  the  trustees)  that  they  held  the  mortgage  in 
trust  for  the  defendant  Peters  and  another.  In  1907  the  two 
soHcitors,  in  fraud  of  their  beneficiaries  and  without  disclosing 
the  trust,  purported  to  join  in  mortgaging  the  reversion  to 
Mrs.  Gwpm  (whose  executor  was  the  plaintiff  Hill)  and  notice 
of  her  mortgage  was  given  to  the  trustees  in  1917.  It  was  held 
by  the  learned  judge  that  (1)  the  rule  of  Dearie  v.  Hall  did  not 
require  notice  to  be  given  of  the  declaration  of  trust,  and 
{2)  the  assignment  to  Mrs.  Gwvnn  being  in  fraud  of  the  bene- 
ficiaries passed  nothing,  and  (3)  therefore  the  beneficiaries  mider 
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the  prior  declaration  of  trust  (of  which  notice  was  not  given  to 
the  trustees)  had  priority  over  the  mortgage  to  Mrs.  Gwynia, 
of  which  notice  was  given  to  the  trustees. 

It  is  impossible  to  tell  from  the  report  in  the  Law  Reportts 
what  exactly  was  the  transaction  of  1907.  Presumably  the 
solicitors  did  not  in  1907  receive  payment  of  their  mortgage 
debt ;  because  if  they  had  been  paid  off,  the  rights  of  their 
beneficiaries  would  probably  have  been  destroyed  by  Section  20 
of  the  Trustee  Act,  1893,  which  provides  that  "  the  receipt  in 
"  writing  of  any  trustee  for  any  money  securities  or  other  personal 
"  property  or  effects  payable,  transferable,  or  deliverable  to  him 
"  under  any  trust  or  power  shall  be  a  sufficient  discharge  for 
"  the  same,  and  shall  effectually  exonerate  the  person  paying, 
"  transferring,  or  dehvering  the  s  ime  from  seeing  to  the  applica- 
"  tion  or  being  answerable  for  any  loss  or  misapplication  thereof." 

The  learned  judge  decided  definitely  that  the  rule  in  Dearie 
V.  Hall  does  not  apply  to  a  declaration  of  trust  so  as  to  require 
the  beneficiary  mider  the  declaration  to  give  lotice  of  his  interest 
to  the  trustee  holding  the  fund.  It  is  certainly  curious  that  the 
point  seems  never  to  have  been  considered  previously,  and 
there  is  a  good  deal  of  force  in  the  observation  that  where  an. 
equitable  interest  is  lawfully  left  in  the  name  of  a  trustee  it  is 
unnecessary,  on  the  point  of  priority,  to  give  notice  to  the 
holder  of  tha  fund  that  other  persons  claim  through  the  trustee  : 
such  a  notice  merely  supports  the  right  of  the  trustee  to  receive 
the  equitable  interest  left  in  his  name.  But  on  the  other  hand 
Courts  of  Equity  usually  regard  the  substance  rather  than  the 
form  of  a  transaction,  and  it  seems  absurd,  and  opening  the 
door  wide  for  fraud,  to  say  that  the  rule  of  Dearie  v.  Hall  appfies 
where  the  document  takes  the  form  of  an  assignment  and  not 
where  it  takes  the  form  of  a  declaration  of  trust  by  a  vendor 
or  borrower  in  favour  of  a  purchaser  or  mortgagee. 

The  arguments  and  judgment  in  the  case  suggest  that  the 
point  would  have  arisen  just  the  same  had  there  been  no  formal 
declaration  of  trust,  e.g.,  if  the  solicitors  had  been  trustees  of 
a  fund  and  rightly  or  wrongly  invested  it  upon  the  mortgage 
of  1897  and  had  executed  no  declaration  of  trust.  It  is  difficult 
to  see  how  Dearie  v.  Hall  could  apply  to  such  case.  Of  what 
assignment  could  notice  be  given  to  the  trustees  ? 

The  rule  in  Dearie  v.  Hall  having  been  brushed  aside,  the 
way  was  clear  for  the  appHcation  of  an  exceedingly  inconvenient 
rale,  which  undoubtedly  applies  to  land    and  shares,  namely. 
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that  if  a  purchaser  or  mortgagee  of  laud  or  shares  in  a  company- 
obtains  only  an  equitahle  estate  or  interest  in  the  land  or  shares, 
then  he  takes  subject  to  all  prior  equitable  estates  or  interests 
in  the  land  or  shares,  e.g.,  if  the  vendor  or  mortgagor  has 
declared  himself  a  trustee  for  others  and  subsequently  makes 
the  sale  or  mortgage  in  fraud  of  his  beneficiaries  then,  in  the. 
absence  of  special  circumstances,  the  beneficiaries  are  not 
prejudiced  by  the  sale  or  mortgage.  The  second  part  of  the 
decision  in  Hill  v.  Peters  is  that  this  rule  applies  to  choses  in 
action,  as  well  as  to  land  and  shares,  in  cases  where  the  rule 
in  Dearie  v.  Hall  does  not  apply. 

So  far  as  the  present  writer  is  aware,  this  is  quite  a  new  point 
aod  has  not  previously  been  put  forward.  It  has  always  been 
considered  that  one  is  safe  in  dealing  with  the  ostensible  owner 
or  mortgagee,  regardless  of  any  secret  trust  that  such  owner 
or  mortgagee  may  have  created  or  been  subject  to.  It  is  now 
decided  that  this  is  quite  wi-oug. 

The  decision  is  one  of  the  utmost  importance  to  purchasers 
and  mortgagees  of  reversiors  ;  more  important  indeed  than 
any  case  that  has  been  decided  for  a  good  many  years  past. 

The  practical  result  of  the  decision,  if  correct,  is  that  if  an 
ostensible  owTier  or  mortgagee  (past  or  present),  is,  unloiown 
to  the  purchaser  or  mortgagee,  a  trastee  for  others  and  acts  in 
breach  of  trust,  then  the  purchaser  or  mortgagee  takes  subject 
to  the  rights  of  the  midisclosed  beneficiaries.  It  is  absolutely 
impossible  to  prove  the  negative,  or  to  obtain  satisfactory 
evidence  on  the  point  or  gain  protection  by  enquiry  of  or  notice 
to  the  trustees  of  the  fund. 

If  Hill  V.  Peters  is  correct,  its  inconveniences  may  be  reduced 
in  some  cases  by  the  section  above  quoted  from  the  Trustee 
Act,  1893,  e.g.,  if  in  Hill  v.  Peters  the  two  sohcitors  had  been 
paid  off  and  had  given  a  receipt  for  their  mortgage,  their  bene- 
ficiaries would  have  lost  their  security.  That  section,  however, 
is  of  somewhat  limited  extent,  e.g.,  it  does  not  seem  to  apply 
where  the  ostensible  owner  or  mortgagee  is  only  one  of  se^'eral 
trustees,  or  where  a  trustee  is  selhng  without  any  trust  or  power 
of  sale,  or  where  a  trustee  gis^es  a  receipt  or  release  'without 
receiving  payment  in  full. 

The  decision  In  re  Pain,  1919,  1  Ch.  38. 

In  this  case  Mr.  Justice  Younger  decided  that  a  purchaser  or 
mortgagee  of  a  reversion  is  usually  not  affected  by  the  reversioner, 
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after  the  trustee  has  received  notice  of  the  assignment,  commencing 
and  prosecuting  litigation  against  the  trustee  and  being  ordered 
to  pay  the  costs  of  the  proceedings.  But  if  the  assignee  stands  by 
and  allows  costs  to  be  incurred  by  the  reversioner  which  the 
assignee  could  have  prevented,  then  the  costs  payable  by  the 
reversioner  to  the  trustee  are  charged  on  the  reversion  in  priority 
to  the  claims  of  the  assignee.  Compared  with  Hill  v.  Peters, 
this  decision  is  of  trifling  importance  ;  but  it  is  a  decision  that 
has  to  be  borne  in  mind.  When  a  purchaser  or  mortgagee  is  made 
a  party  to  an  action  affecting  the  trust,  he  has  to  consider  whether 
he  can  and  ought  to  stop  the  action.  If  he  cannot  stop  the 
action,  then  he  cannot  be  blamed  or  made  in  effect  to  bear  the 
costs  ;  but  if  he  can  but  does  not  prevent  the  costs  being 
incui'red,  he  allows  the  proceedings  to  continue  at  some  risk 
to  himself.  This  point  will  trouble  mortgagees  more  often  than 
purchasers. 


LEGAL   NOTES. 
By  William  Charles  Shaeman,  F.I. A.,  Barrister-at-Law. 

Policy  issued  to  -L^  FURTHER  casc  on  the  construction  to  be  placed 
coSfli^t  of  Claim  ^P^^^  Scctiou  36  (2)  of  the  Assurance  Companies 
Act,  1909,  is  that  of  Hatley  v.  Liverpool  Victoria 
Friendly  Society,  L.T.R.  118,  687. 

This  case,  which  was  an  appeal  from  a  decision  of  the  City 
of  London  Court,  dealt  with  the  question  as  to  who  was  entitled 
to  the  proceeds  of  an  industrial  policy  of  life  assurance  effected 
by  a  father  on  the  hfe  of  his  son.  The  decision  of  the  Court 
was  in  accord  with  the  decision  of  the  Court  of  Appeal  m  the 
case  of  Da  Costa  v.  Prudential  Assurance  Company  {J.I.A.,  vol.  li. 
p.  51). 

The  facts  are  as  follows  : 

In  1891,  George  Lake  effected  a  policy  of  insurance  in  the 
Liverpool  Victoria  Friendly  Society  on  the  life  of  his  son. 
William  Oliver  Lake,  aged  two  years.  He  retained  the  policy 
and  continued  to  pay  the  premiums  mitil  his  death  in  March 
1915.  There  was  evidence  that  he  gave  the  policy  to  his 
daughter,  Mrs.  Jenner,  and  that  she  paid  the  premiums  after 
his  death.  WilHam  Ohver  Lake  died  in  June  1916,  and  in 
June  1917,  letters  of  administration  to  his  estate  were  taken  out 
by  the  plaintiff  who  claimed  the  poKcy  moneys. 
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The  trustees  of  the  defendant  Society  made  an  award  in 
favour  of  Mrs.  Jenner.  whereupon  the  plaintiff  sued  them  in  the 
County  Court.  The  action  was  dismissed  and  upon  appeal  bv 
the  plaintiff  the  Court  upheld  the  decision  of  the  County  Court 
Judge. 

In  the  course  of  his  judgment,  Avory,  J.,  said :  "  All  the 
"  authorities  which  have  been  cited  to  us  I  think  result  in  this, 
"  that  the  question  is  whether  there  is  admissible  e\ndence  to 
"  show  that  the  father  at  the  time  he  made  the  purchase  of  the 
"  policy  in  respect  of  his  child  intended  that  purchase  to  be  for 
"  his  own  benefit  or  for  the  benefit  of  the  child.  If  there  is 
"  admissible  evidence  to  show  that  he  intended  it  to  be  for  his 
'■  own  benefit,  then  the  presumption  that  it  was  for  the  child's 
"  advancement  is  rebutted.  Now,  in  the  present  case  I  think 
"  there  was  ample  evidence  to  rebut  the  primd  facie  presumption 
"  that  this  policy  was  intended  for  ^"he  benefit  of  the  child. 
"  Looking  at  the  terms  of  the  policy  itself  and  at  all  the 
"  circumstances  of  the  case,  it  is  clear,  I  thuik,  that  the  father 
"  took  it  out  for  his  own  benefit,  in  order  to  cover  the  possible 
"  expenses  of  the  child's  funeral.  That  view  of  this  case  is 
"  confirmed  by  a  reference  to  the  Assurance  Companies  Act, 
'"'  1909,  s.  36,  the  second  paragraph  of  which,  in  my  opinion. 
'■'  applies  to  this  policy  :  '  No  policy  effected  before  the  passing 
"  '  of  this  xVct  with  a  collecting  society  or  industrial  assurance 
"  '  company  shall  be  deemed  to  be  void  by  reason  only  that  the 
"  '  person  effectmg  the  policy  had  not,  at  the  time  the  policy 
'•  '  was  effected,  an  insurable  interest  in  the  life  of  the  person 
assured.'  It  is  to  be  observed  that  prior  to  this  Act  there 
had  been  a  question,  at  all  events,  raised  as  to  whether  the 
fact  of  a  father  being  liable  for  the  funeral  expenses  of  his 
child  gave  him  an  insurable  interest  in  the  life  of  the  child. 
Then  the  section  a  httle  lower  down  says  :  '  If  the  pohcy  was 
'  effected  by  or  on  accomit  of  a  person  who  had  at  the  time  a 
'  bond  fide  expectation  that  he  Vv'ould  incur  expenses  in 
'  connection  with  the  death  or  funeral  of  the  assui'ed,  and  if 
'  the  sum  assured   is   not  unreasonable  for  the   purpose   of 

'  covering  those  expenses such  policy  shall  enure  for 

'  the  benefit  of  the  person  for  whose  benefit  it  was  effected  or 
'  his  assigDS.'  I  thmk  that  apphes  to  the  present  case,  and 
that  therefore  shows,  in  conjmiction  with  the  rest  of  the 
evidence,  that  this  policy,  which  was  one  taken  out  for  the 
benefit  of  the  father,  did  enure  for  his  benefit,  and  therefore 
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''  formed  part  of  his  estate.     Under  those  circumstances  the 
"  plaintiff  had  no  claim  or  title  to  it.     On  that  short  ground   I 
"  think  the  judgment  of  the  learned  County  Court  Judge  must 
"  be  upheld  and  the  appeal  dismissed." 
Shearman,  J.,  concurred. 


A  case  of  some  interest  to  hfe  assm'ance  officials  Avho 
toBrituhl^^d*''*  have  to  deal  with  questions  of  income  tax  is  that  of 
Tax.  Rover  v.  South  African  Breweries,  Liinited,   T.L.K. 

deductioS7rom    34,  478.     Thls  was  a  special  case  stated  by  consent  to 

dividend  on  .  " 

^aresT*  dccidc  whcthcr  a  company  which  has  paid  British 
mcome  tax  and  also  Colonial  income  tax,  and  has 
obtained  from  the  British  authorities  repa}Tnent  of  the  Colonial 
income  tax,  is  entitled  to  deduct  from  a  shareholder's  dividend 
the  total  amount  paid  on  account  of  British  mcome  tax  or  such 
amount  less  the  amount  of  Colonial  tax  recovered. 

It  was  decided  by  Astbmy,  J.,  that  the  company  could  only 
deduct  from  the  dividend  due  to  the  preference  shareholders  the 
amount  of  British  tax  less  the  Colonial  tax  recovered. 

The  facts  are  as  follows  : 

The  plaintiff  was  the  holder  of  500  5  per-cent  cmnulative 
preference  shares  and  1,300  ordinary  shares  in  the  South  African 
Breweries,  Limited.  The  directors  of  the  company  paid  5  per-cent 
on  the  preference  shares  and  a  di\'idend  on  the  ordinary  shares. 

The  company  paid  income  tax  on  its  profits  in  South  Africa 
at  a  rate  of  not  less  than  \s.  6d.  in  the  £,  and  was  assessed  to 
British  income  tax  at  the  rate  of  5s.  in  the  £  on  its  assessable 
profits.  Relief  was  granted  under  Section  43  of  the  Finance 
Act,  1916;  to  the  extent  of  Is.  6d.  in  the  £,  subject  to  proof  of 
payment  of  the  tax  in  South  Africa. 

The  company  deducted  income  tax  at  the  rate  of  5s.  m  the  £ 
from  its  preference  share  dividends  and  3s.  Qd.  in  the  £  on  the 
ordinary  share  dividends. 

In  the  course  of  his  judgment  Astbury,  J.,  said  : 

"  The  Colonial  Tax  is,  qua  the  shareholder  in  this  country, 
"  not  a  duty  charged  withm  the  meaning  of  Section  54,  but  is  an 
"  outgoing  of  the  company,  as  any  other  administrative  expense, 
"  m  the  Colony,  which  has  to  be  satisfied  before  any  profits  can 
"  be  ascertained  and  distributed  in  this  comitry  by  way  of 
"  dividend.  The  real  question  is  whether  the  company  M^as 
"  charged  and  paid  5s.  or  3s.  6d.  in  the  £  for  British  mcome  tax 
"  for  the  year  1917,  withm  the  meanmg  of  Section  54.     If  the 
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"  former  it  was  right  in  making  the  5s.  deduction  from  the 
'■'  plaintiff's  dividend  ;  if  the  latter  it  still  owes  to  him  the  mipaid 
"  portion  of  the  dividend  that  he  became  in  law  entitled  to  v/hen 
"  the  declaration  of  the  dividend  was  made.  The  company 
*■'  contends  that  mider  Section  43  the  person  who  pays  both 
"  Colonial  and  British  tax  is  the  only  person  entitled  to  recover 
■'  the  Is.  Qd.  m  the  £,  and  to  keep  it  It  is  said  that  the  share- 
"  holder  has  not  paid  the  Colonial  tax,  and  therefore  does  not 
"  bring  himself  within  the  benefit  of  the  section.  The  company 
*■'  also  says  that  if  the  plaintiff  succeeds  he  and  those  m  his 
'•  position  will  become  a  privileged  class  of  British  taxpayer, 
"  escaping  with  the  payment  of  only  3s.  6(/.  in  the  £.  It  is  also 
*'  m-ged  that  as  between  the  company  and  the  plaintiff  the 
"  former  did  in  effect  pay  5s.  in  the  £  for  British  tax,  and  that 
"  it  was  only  on  proof  of  this  that  the  right  to  repajonent  arose 
*'  under  Section  43,  although  the  matter  was,  as  between  the 
*'  company  and  the  Crown,  dealt  ^vith  in  account  as  I  have  stated. 
"  I  think  that  the  company,  having  paid  both  the  taxes  m  the 
"  fii'st  instance,  is  the  person  entitled  to  the  repavTaent  of  the 
•"Is.  Qd. ;  but  the  question  remams  whether  when  it  has  obtained 
"  it,  it  can  reasonably  and  in  truth  be  said  to  have  paid  or  to 
"  have  become  liable  to  pay  5s.  in  the  £  for  British  tax.  The 
"  whole  object  of  Section  43  was  that  the  pavTiient  of  income 
^'  tax  was  to  be  reduced  as  therein  provided,  and  it  is  difl&cult  to 
*'  see  how  a  company  which  has  paid  5s.  on  the  terms  that  it 
"  should  immediately  be  repaid  Is.  Qd.  cash  out  of  it  can  be  said, 
"  after  such  repavinent,  to  have  expended  more  than  3s.  Qd.  If 
^'  this  is  so  it  follows  that  the  only  deduction  authorized  by 
"  Section  54  of  the  Income  Tax  Act,  1842,  is  3s.  Qd.,  and  that  the 
*'■  balance.  Is.  6(Z.,  of  the  dividend  is  still  luipaid  or  payable." 


In  view  of  the  complexity  of  the  income  tax  laws, 
of'Eovar^"*  a  complexity  which  does  not  seem  to  have  been 
Income  Tax.       dccrcascd  by  the  passing  of   the  codifying  Act  in 

1918,  it  is  interesting  to  record  that  the  Governnient 
have  appointed  a  Royal  Commission  to  enquire  into  the  whole 
subject.  Actuaries  will  have  been  gratified  to  learn  that  the 
President  of  the  Institute,  Mr.  Geoffrey  Marks,  is  to  serve  on 
this  Conmaission. 
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On     Certain    Inequalities    and    MetJwds    of    Approximation. 
By  J.  F.  Steffensen,  D.Phil. 

J_N  a  previous  paper^  I  have  proved  an  inequality  of  very 
general  nature,  admitting-  applications  to  certain  actuarial 
problems.  The  subject  has  been  taken  up  by  Mr.  B.  Meidell^f 
whose  starting-point  was  the  well-known  inequalities  of 
Dr.  J.  L.  W.  Y.  Jensen.  J  In  the  present  paper  I  propose  to 
give  an  account  of  these  investigations,  commencing  with  my 
own  (with  a  few  unessential  simplifications),  and  generalizing- 
to  a  certain  extent  Mr.  Meidell's  and  Dr.  Jensen's. 

Let  us  assume  that  two  functions  f{t)  and  (f){t)  are 
integrable,  that  is,  admit  an  integral  from  a  to  h ;  that  /(^) 
never  increases,  and  that  0<^(^X1.  Then,  putting  for 
abbreviation 


,=  \<\>{t)dt 

J  a 


(1) 


we  can  prove  that 

\}{t)dt^\){t)c^{t)dtA"f{t)dt     ....     (2) 

J  h  —  X  .J  0  J  a 

If  (f>(t)  =  l  or  (f){t)  =  0  ov  f{t)  =  const,  for  all  t,  the  two 
limits  in  (2)  coincide. 

Before  proceeding  to  the  rigorous  proof  we  may  observe 
that  the  inequalities  (2)  are  almost  obvious.  For  instance, 
dividing  them  by  X,  the  expression 

(f)(it)dt 

may  be  regarded  as  a  weighted  mean  oif{t),  the  weights  being- 
(f){t)dt,  and  the  total  of  weights  \.     But  in  the  mean 


1  ra+\ 

T\fmt 


*  "On  certain  inequalities  between  mean  valius  and  their  application  to 
actuarial  problems."     Skandinavisk  Aktuarietidskrift,  1918,  pp.  82—97. 

t  "Note  sur  quelques  inegalites  et  formules  d'approximatiou."  Skandinavisk 
Aktuarietidskrift,  1918,  p.  180. 

X  "  Sur  les  functions  convexes  et  les  inegalites  entre  les  valeurs  moyennes." 
Acta  Mathematica,  vol.  xxx,  p.  175  (1905-6).  .S'ee  also  an  earlier  pajier  (quoted 
by  Dr.  Jensen)  by  O.  Holder  in  Gottingen  Nachr.,  1889,  p.  38 ;  a  Paper  by 
L.  Galvani  in  Reuilicouti  del  Circolo  Matematico  di  Palermo,  Vol.  xli  (1916),  p.  103; 
aud  Mr.  Lidstone's  Note  in  J.I. A.,  vol.  xlv,  p.  490. 
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the  same  total  of  weights  has  been  concentrated  round  the 
distance  from  a  to  a  +  X  <  6,  that  is,  round  the  larger  values 
of  f{t),  and  each  of  these  values  is  weighted  Avith  the  maximum 
weight. 

The  arithmetical  proof  is  easy.  Remembering  the  assumed 
properties  of  f{t)  and  (^{t),  the  second  inequality  (2)  may  be 
derived  as  follows  : 

[mdt-[f{t)<!>{t)dt 

J  a  J  a 

=  \Xi-mw)dt-[fmmt 

J  a  Ja  +  \ 

^f(a  +  \)  I  "[l-(f,{t)]dt-     'f{t)(}){t)dt 

-  a  J  a-vK 

=f{a  +  \)  [\-  I  %(t)dt]  -  \f{t)(f>(t)dt 


rh  r-b 

=f{a  +  X)     (f>{t)dt-\f{t)<j3{t)d1> 
=  ['m[f{a  +  \)-fmdt>0. 

Jf'.  +  A. 


The  first  inequality  (2)  may  be  derived  in  a  precisely 
similar  way,  but  is  more  quickly  obtained  by  putting,  in  the 
inequality  just  proved. 


\  =  ^\l-c}>,{t)]dt 

-  h 
=  h-a—\  (f)i{t)dt 

=  5  —  a  —  \i 

Inequalities  for  sums  (instead  of  integrals)  may  be  derived 
by  the  same  method.  But  it  will  repay  the  trouble  to  notice 
once  for  all,  how  the  transition  from  integrals  to  sums  may  be 
effectuated.  For  this  purpose  Ave  want  a  definition  of  a  sum, 
when  the  limits  of  summation  are  not  integers.     If  x-=a  —  6i, 
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y  =  13  +  62,  where  a.  and  /3  are  integers^  0<^,„<  1  and  y'^x—1, 
we  propose  the  convenient  notation 

iu(n)  =  ^,M(a-l)+2?t(?0+6'2w(/S  +  l)  .     .     .     (3) 

X  a 

a-1 

it  being  understood  that  ^u{n)=0. 

a 

As  the  sum  depends  only  on  integral  values  of  the 
argument  n,  we  may,  for  the  purpose  of  demonstrating  the 
inequalities,  put 

u{n  +  e)=u(u)  (0<6'<1). 

With  this  convention,  (3)  may  be  written 

i,u{n)=\u{t)dt  (y^x-l)       ...      (4) 

X  J  X 

We  have,  for  instance, 

il=y-^+l (5) 

X 

and 

^u{n)=^u{n)+^u{n)  {x-l^t^y)   .      .      .      (6) 

t+i 

From  (2)  we  may,  by  (4),  immediately  conclude,  for 
y^x—1, 

if{n)^ifin)cf>{n)<IJ{n) (7) 

y-s+l  X  X 

where  s  =  i(/)(«)        (8) 

provided  that  /(w)  never  increases,  and  that  0<<^(7i)  <1. 

If  <^(7i)  =  l  or  <^(?i)  =  0  or  /(?i)  =  const,  for  all  n,  the  two 
limits  in  (7)  coincide. 

It  is  evident  that  we  may,  in  (2)  and  (7),  allow  the  range 
of  integration  or  summation  to  increase  indefinitely,  provided 
the  expressions  do  not  become  meaningless. 

We  have  assumed  O<0(^)<1  for  the  sake  of  simplicity; 
but  if,  instead  of  this  we  have  quite  generally  Z<'\/r(^)<L, 
where  I  and  L  are  any  two  different,  positive  or  negative 
quantities,  we  need  only  apply  the  theorem  to 
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in  order  to  find  limits  for     f{t)y^{t)dt  and  for  ^f{n)yfr{n).    We 

J  a  X 

leave  the  details  to  tlie  reader. 

The  inequalities  we  have  established  are  useful  in  mathe- 
matical analysis,  their  affinity  to  such  theorems  as  Abel's 
Lemma*  and  the  Theorem  of  Mean  Valuet  being  obvious. 
Here  we  are,  however,  only  concerned  with  their  application 
to  actuarial  problems.  The  possibility  of  this  application  is 
due  to  the  fact,  that  one  of  the  limits  in  (2)  and  (7)  is,  in 
certain  cases,  so  close  to  the  value  of  the  integral  or  sum 
considered,  that  it  may  pass  as  a  first  rough  approximation 
which  becomes  a  very  fair  one  on  applying  a  simple  cor- 
rection. 

Putting,  for  instance,  in  (2) 

f{t)=v*,  j>{t)  =  tp^,  a  =  o,  b  =  cc,  \  =  ea;, 
we  find 


C 


fix 

v/pxdt<      v*dt 


1  —v^' 
or  dx  <  — ^ — (9) 

that  is  the  well  known  result  that  a  life-annuity  is  smaller 
than  an  annuity-certain  payable  for  the  expectation  of  life. 

Similarly,  we  find  from  (7),  putting  x=l ,  ;/=  go  ,  f{n)  =t-", 
(f){n)=nPic,  s  =  ex, 

•     ax<it'« (10) 

1 

If  6^;=^'+^,  where  k  is  an  integer,  and  o^d<l,   (10)   may 
be  A\-ritten 

ax<  ^—^  +ev''+' (10a) 

It  was,  in  fact,  this  particular  inequality,  familiar  to  actuaries,  + 
which  suggested  to  me  the  general  formulas  (2)  and  (7). 

*  Bromwich :  An  Introduction  to  the  Theory  of  Infinite  Series.     London, 
1908.     P.  54  and  p.  426. 

t  We  may  evidently  write  (2)  in  the  form 

ff{t)^{t)dt=ff{t)dt 
where  a  ^  t>  <:  J  —  A. . 

+  Text-Bool:,  Part  II,  1st  Edit.,  p.  112. 
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The  popular  but  erroneous  notion  tliat  a  life-annuity  may 
be  calculated  as  an  annuity-certain  payable  for  a  duration 
equal  to  tlie  expectation  of  life,  yet  contains  an  element  of 
truth,*  which  may  be  turned  to  good  account.  The  dura- 
tion m  of  an  annuity-certain,  equal  in  value  to  a  life-annuity, 
may  be  calculated  from  tbe  equation 


whence 


1  — v'^ 
a.=  --^,         (11) 


,,:^_\^g(;-^'^) (12) 

log(l+*)  ^      ^ 


If  we  expand  m  in  powers  of  i,  remembering,  that  a  is  a 
function  of  i,  and  neglecting  in  the  result  powers  above  the 
first,  we  find  the  approximate  formula 

m  =  ej,—  i€:c        (13) 

where 

r^i^x+t-^e^.{e,r+l)      ....     (14) 

I'X     1  '^ 


e. 


which  may  more  conveniently  be  written 

e.=  lTh-^.+  l-le.'     ....      (14a) 

the   summation    being    commenced    from    the   bottom,    or  in 
Text-Book  notation 

Y       1      1 
^^=-1 8"  2^-^" ^     ^^ 

It  may  be  worth  noticing,  that  the  function  e.^.  thus  intro- 
duced has  an  independent  meaning  in  actuarial  science.  In 
fact,  it  may  be  easily  proved  that  2ex  is  tlie  mean  square 
deviation  in  the  estimated  curtate  duration  of  an  individual 
life.  Supposing  the  life,  aged  a;  at  entry,  fails  after  t  years 
(leaving  out  any  fraction  of  a  year),  then  the  deviation  from 
the  estimated  duration  is  (t  —  ej.).  Squaring  this,  multiplying 
by  the  probability,  that  the  life  will  fail  between  ages  x  +  t 
and  x+t  +  1,  and  summing  for  all  values  of  t,  we  find  the 
required  mean  square  deviation,  or 

*  The  reason  for  this  is,  that  wc  shall  have  (la.  =  u— i  provided  that  either  S  =  0, 
or  else  fix  =  0  for  all  values  of  .r. 
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0 

0  1 

^eJ^  +  ±[{t-e,r—{t-\-e,Y--]tPa 


=  ex^  +  22^<;^a^  — 2ex-  — ^x     =26^. 
1 

It  is  seen  from  (13),  that  e^;  is  really  a  first  approximation 
to  the  true  duration  7?i.  We  proceed  to  show  by  a  numerical 
investigation,  that  the  further  approximation  obtained  by 
deducting  iex  from   e^  produces  very  fair  approximate  values 

of      ftj;  . 

The  experience  employed  for  this  purpose  was  the  H.-*^ 
experience  {Text-Bool-  graduation),  and  the  table  below  gives 
the  difference  between  the  true  and  approximate  values  by 
(13)  of  a^  at  various  rates  of  interest.  The  following  table 
of  Practical  Standards  of  Comparison,  reproduces  the  values 

of  -^{ax  —  ajc+i) ,  or  approx.  the  variation  in  the  annuity-value. 
Differences  between  True  and  Approximate  Values  of  a^ . 


X 

20 

3% 

4% 

5% 

6% 

-•10 

-11 

-11 

-•10 

30 

-■04 

-•04 

-•05 

-•04 

40 

+  •01 

+  •01 

+  •01 

+  •02 

50 

•03 

•04 

•06 

■08 

60 

•02 

•04 

•06 

•08 

70 

•02 

•03 

•04 

•06 

80 

•01 

•02 

•02 

■04 

Practical  Standards  of  Comparison. 


X 

20 

3% 

4% 

5% 

CO/ 
D/o 

•10 

•07 

•05 

•04 

30 

•]2 

•09 

•06 

•05 

40 

•15 

•12 

•09 

•07 

50 

•18 

•15 

•12 

•10 

60 

•19 

•16 

•14 

•12 

70 

•17 

•15 

•14 

•12 

80 

•12 

•12 

•11 

•10 
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when  the  age  varies  one  half  year.  This  is  a  deviation 
familiar  to  the  actuary  who  is  accustomed  to  calculate  the 
"age  nearest  birthday",  a  method  which  is  legitimate  when 
no  systematic  deviation  from  the  mean  is  to  be  feared. 

Our  table  of  differences  between  original  and  approximate 
values  shows  that  these  differences^  when  the  youngest  ages 
and  highest  rates  of  interest  are  left  out,  are  small,  not  only 
in  comparison  with  the  standards,  but  also  absolutely  speak- 
ing, so  that  the  slight  systematic  deviation  traceable  is 
unimportant  from   a  practical   point   of  view. 

The  best  standard  for  measuring  these  deviations  is, 
however,  the  standard  deviation  (or  "  mean  error ")  in  the 
value  of  a^  as  deduced  from  a  given  experience.*  The 
problem  of  calculating  this  standard  deviation  has  not  until 
comparatively  recently  t  attracted  the  attention  of  actuaries, 
but  as  it  is  of  importance  also  on  other  occasions,  e.g.,  when 
the  weights  of  the  ungraduated  a^  are  required  in  a  direct 
graduation  of  this  function,  we  shall  occupy  ourselves  with 
the  matter  here.  It  may  be  remarked  beforehand,  that  the 
result  at  which  we  shall  arrive  is  practically  the  same  as  the 
first  formula  on  p.  102,  of  Gr.  F.  Hardy's  book;  but  the 
following  deduction  is  not  only  easier  but  also  safer  from  the 
theoretical  point  of  view,  making  less  use  of  approximations. 

The  mean  square  deviation  (or  the  square  of  the  mean 
error)  is  the  square  of  the  standard  deviation  and  is  denoted 
by  fjUi.  Let  there  be  given  n  different  and  independent 
obseijvations 

0-1,   cr.2,   ....   CTn 

and   an  analytical  function  of  these 

/(o-i,  0-2,  .  •  ■  .  o-n). 

Put  a,.  =  yr  +  V>-}  Vr  being  the  "true"  value  of  cr,.,  and 
77,.  the  error  of  observation.  Provided  these  errors  are 
sufficiently  small,  /  may  be   developed  in  powers   of   them, 


*  This  standard  deviation,  has,  of  course,  nothing  to  do  with  the  standard 
deviation  examined  by  Bremiker  and  others,  in  tlie  estimated  value  of  an  annuity 
on  a  single  life.  The  latter  concerns  the  application,  the  former  the  origin  of 
the  table. 

t  G.  F.  Hardy:  The  Theory  of  the  Construction  of  Tables  of  Mortality, 
&c.,  p.  99. 
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neglecting  powers   above    the  first.     The   coefficients  of  the 
errors  of  observation  are,  then 

^      hf  hf_ 

^yx'     ^2      '    '    '    '     ^Vn' 

The  mean  square  deviation  in  /  is,  therefore* 

/^//)=i(|^)-v.w (15) 

In  order  to  apply  this  well-known  general  theorem  to  the 
life-annuity,  the  latter  must  be  expressed  as  a  function  of 
the  independent  ([jc,  that  is 


Now 


1 

=  2'^^(l-gx)(l-2^+i) {l-qcc+t-i) 

1 

3a.r     _  1 V  .,^^ 

^g_x  +  r 


(16) 


1— ?j: 

t-rj 

+  1 

1    .. 

"Px+r 

\P 

x^x-vr 

XT 

Px  +  7'^X 

whence,  by  (15), 

«     N- 

/^K)=   2      ■>    "^  .,Mlx  +  r)- 
r—OJ/x+r^^x 

But,  denoting  as  usual  the  Exposed  to  Risk  by  E^, 

f-M^)  =  -^f (1^) 

therefore 

1    ■»  o/N/^ 

'-(«')  =  B74|i '1«) 

This  formula  gives  the  mean  square  deviation  in  the  un- 
graduated  value  of  a  life-annuity,  and  the  standard  deviation 
\/ fx^iax)  is,  therefore,  the  most  correct  measure  for  the  per- 
missible deviation  from  the  observations. 

It  should  be  remembered,  that  of  the  functions  employed 

*  Thiele  :  "  Theory  of  Observations,"  p  39. 
VOL.    LI.  T 
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in  (18),  Dj,,  px,  1x,  ^-iifl  Na;  are  assumed  to  be  true  (or  at 
least  graduated)  values,  while  Ea,  depends  on  the  observations 
alone. 

The  calculation  of  ^^  according  to  (18)  is  not  a  very 
laborious  task.  A  slide-rule  may  be  used  for  the  purpose, 
the  approximation  obtained  by  this  instrument  being  quite 
sufficient. 

We  give  below  specimens  of  the  standard  deviations  in  a^ 
according  to  various  tables. 

Standard  deviations  in  a^. 


X 

HM 

0^13% 

O^t'31  3% 

DM'5)  3i% 

3% 

4% 

5% 

6% 

20 
30 
40 
50 
60 
70 
80 

•059 
37 
38 
44 
52 
67 

•105 

•048 
29 
30 
36 
45 
61 
99 

•040 
23 
25 
31 
40 
55 
93 

•034 
19 
20 
26 
35 
51 
88 

•023 
15 
15 
16 

18 

20 
28 

•065 
19 
16 
16 
18 
20 
27 

■268 
■063 
58 
69 
82 
99 
•146 

They  were  all  calculated  by  (18),  except  the  figures  for 
QM(5)  -y^jiicli  are  G.  F.  Hardy^s  original  approximations.  It  is 
seen  that  this  test  is  somewhat  more  severe  than  our 
"  Practical  Standards  of  Compai*ison '' ;  yet  it  does  not  alter 
the  conclusion  at  which  Ave  had  previously  arrived,  that  the 
values  of  a^  as  calculated  by  (11)  and  (13)  are  sufficiently 
accurate  for  most  practical  purposes.  The  standard  devi- 
ations according  to  W'^'"^  are  particularly  illustrative  of  the 
liberties  which  may  be  taken  with  figures  derived  from  a 
comparatively  small  experience,  the  total  of  exposed  to  risk 
according  to  D^^^'^  being  282,118. 

It  appears  from  (18),  and  has  already  been  pointed  out  by 
G.  F.  Hardy,  that  if  the  Exposed  for  all  ages  are  multiplied 
by  the  same  constant  factor  h,  then  the  standard  deviation  in 
ttj,  is  divided  by  \/ k.  The  total  exposed  according  to  0^*  is 
7,659,454  and  according  to  H-^^  1,199,093.  If  the  relative 
distribution  is  proportional  at  all  ages,  the  standard  deviation 
according  to  0^^  should,  therefore,  be  about  four-tenths,  of  the 
standard  deviation  according  to  H^,  which  is  seen  to  agree 
very    fairly  except    at   the    highest   ages. 

If  monetary  tables  at  a  particular  rate  of  interest  i  have 
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already  been  prepared,  tllese  may  with  advantage  be  taken  as 
starting-point  for  the  calculation  of  annuity-values  at  a 
different  rate  of  interest,  say  %  .     Putting  i'  =  i  +  h  and 

1 
we  find  by  (7),  if  ;i>0, 

rt'.r<i(l+/u-)-^ (19) 

1 

It  is,  therefore,  natural  to  put,  in  analogy  with  (11) 

«'.=  i^^^i^ (20) 

where  it  may  be  expected  that  a^  will  be  a  first  rough  ap- 
proximation to  ?i.  We  find,  in  fact,  developing  n  in  powers 
of  In,  and  neglecting  in  the  result  powers  above  the  first, 

n  —  a-c  —  hccx (21) 

where 

or 

''•^=Df  +  8-2r-^^2J (2-) 

While,  in  (19),  we  must  suppose  /i>0,  (20)  is  evidently 
valid  for  positive  and  negative  h.  If  h,  is  positive,  the  right- 
hand  side  of  (20)  is  a^  at  the  rate  of  interest  1%.  If  h  is 
negative  and  =  —  ^•,  the  right-hand  side  of  (20)  is  easily  seen 

to  be  SjiTfi  —  1  at  the  rate  of  interest  :j -^  ,  which  may  nearly 

always  be  replaced  by  )i ,  as  in  the  examples  below. 

For  1  =  0  (20)  and  (21)  evidently  reduce  to  (11)  and  (13). 

We  give  below  for  %=^Z\  per-cent,  i'  =  3  per-cent  and 
4  per-cent,  the  differences  A  between  the  true  and  approximate 
value  of  ajc',  further  the  corresponding  figures  when  a  ^  is 
calculated  by  the  obvious  formula 

a'ar  =  aj;  — /i-jy^ (23) 

obtained  by  expanding  a\  in  powers  of  7i,  neglecting  powers 
above  the  first. 

Y  2 
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x 

A  by  (20) 

A  by  (23) 

3% 

4% 

3% 

4% 

20 
30 
40 
50 
60 
70 
80 

■02 
■02 
•01 
•01 
•GO 
•GO 
•00 

01 
01 
01 
00 
00 
00 
00 

•12 
•09 
•06 
•03 
■01 
■01 
•00 

•11 
•08 
•05 
•03 

•01 
•00 
■00 

It  should  be  noted  that  the  numerical  results  for  fractional 
durations  were  obtained  hj  first  difference  interpolation  in  an 
interest-table  (Spitzer),  which  is  sufficient  when  the  life- 
annuity  is  only  required  to  two  decimals.  On  the  other  hand, 
the  value  of  the  method  in  practice  depends  to  a  large  extent 
on  it  being  possible  to  content  oneself  "with  first-difference 
interpolation.  We  have,  therefore,  in  (13)  and  (21)  not  gone 
beyond  the  first  power  of  i,  and  h,  though  it  is  possible 
to    continue   these    expansions. 

The  results  by  (13)  and  (21)  seem  so  satisfactory,  that  we 
do  not  hesitate  to  recommend  making  a  table  of  e^  or  ccx  ta 
three  or  four  significant  figures  a  regular  feature  of  every 
publication  of  mortality-tables.  The  cases  where  isolated 
values  of  life-annuities  are  required  may  not  be  very  frequent ; 
still,  they  are  sometimes  wanted  in  transactions  Avith  life- 
annuities,  for  comparison  ^Aath  other  tables,  or  for  examining 
the  effect  of  a  change  in  the  mortality,  and  the  want  may 
even   increase   with    the    facility    for    satisfying   it. 


We  now  proceed  to  show,  utilizing  an  idea  due  to 
Mr.  Meidell,  how  Dr.  Jensen's  inequalities  iov  convex  functions 
may  be    derived    from    (7). 

As  criterion  for  convex  functions"^  we  use  this,  that  the 
second  divided  diff^erencef  of  the  function  shall  always  J  be  >0 ; 

*  Compare  Galvani,  I.e.     Dr.  Jensen  uses  as  criterion 

and  proves  his  theorem  by  generalizing  this  inequality. 

t  With  regard  to  this  notion  (which  goes  back  to  Newton),  see  a  Note  in  this 
Journal  by  L.  Oppermann,  vol.  xv,  p.  145. 

1  That  is :  for  all  arguments  for  which  the  function  is  assumed  to  exist. 
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or,  if  yfr{x)  be  the   function,  Xi,  Xa,  Xs,  any   three   different 
arguments,  that 

yjrjxi)  —  •>/r(^2)  _  ir{x<2) —yfrja:^) 

"^'"^^  ^      '^^""'^         >0      .      .      .      (24) 


It  follows,  in  particnlar,  from  (24),  that  if  '\{r{x)  possesses  a 
second  differential  coefficient,  then  •\^"(a;)>0.  This  is  often 
used  as  a  criterion  for  convex  functions,  but  is  insufficient  in 
many  cases  of  practical  importance,  for  instance,  when  dealing 
with  an  ungraduated  table,  or  mth  a  table  graduated  by 
mechanical  or  graphic  methods. 

For  concave  functions  the  sign  >  in  (24)  must  be  replaced 
by  < .  "We  need  only  consider  one  of  the  cases,  convexity  or 
concavity;  for  if  ^fr{x)  is  convex,  then  —■\lr{x)  is  concave,  and 
vice  versa.  The  case  where  the  second  divided  difference 
vanishes  may  be  reckoned  either  to  the  convex  or  to  the 
concave  functions,  or  the  expression  linear  functions  may  be 
applied. 

If  ylr(n)  is  a  convex  function  of  an  integral,  positive  or 
negative  argument  n.  we  have,  by  (24),  A^-\lr(7i)^0.  Summing 
from  71.  to  B'^n 

-A>/r(70  =  2A2-^(«)-Ai/r(/3+])    .     .     .     (25) 

and,  as  A^-v/r(n)>0,  the  right-hand  side  of  (25)  is  a  never 
increasing  function  of  n  which  may  be  called /(?i).  Summing 
now  again  fi-om  n  to  /3  Ave  find 

tW=i/('0  +  t(/3+l) (26) 

n 

We  see  from  this,  that  a  convex  function  of  an  integral 
argument  may  always  be  written  in  the  form  2/('0  +  const. 

n 

where  f{n)  is  a  never  increasing  function.  Conversely,  any 
such    expression    evidently    represents    a    convex    function. 

n 

Similarly,    the    expression    2/('i)  +  const,    may   be    taken  to 

represent  all  concave  functions  of  an  integral  argument. 
Now  let  e{n)  be  any  such  function  that 

0<ie(r)<2e(r)  (a<7i<^)      .     .     .      (27) 


286 


On  Certai7i  Inequalities  and 


[April 


Assuming  ^e{r)  >0,  we  put,  for  abbreviation, 

a 

1 


2e(r) 

a 

and  choose  for  4>[n)  the  function 


(28) 


(29) 


which,  owing  to  (27),  satisfies  the  condition  0<^(7i)  <1, 
It  is  easily  verified,  that* 

if{n)ie{r)=ie{n)if{r)      .     .     .     . 

an  a  a 

whence,  in  particular,  for/(9i)=l 

2  ie(r)  =  i(n-a+l)e(n) 

a       n  a 

From  the  inequality  proved  above 

i/(n)0(n)<2/(n).  s  =  i<p{n), 

a-  a  a 

we  therefore  obtain  by  (29),  (30)  and  (31) 


(30) 


(31) 


pif{n)ieir)  =pie{n)^f{r)  <  "f^^) 


where 


s  =  pi  2e {r)  =pi{n  —  (X  +  l) e(n)  =  p%ie {ii)  —  (a  —  1 ) 

a       7i  a  a 

or,  if  we  put  2/(n)  =  -ylr{^), 

■  /s 
2?ie(n) 


lir 


2e(w) 


2e(w)-v/r(7i) 
<  ^^ 

2<^) 


(32) 


The  function  •\/^(|)  is  a  convex  function,  but  not  the  most 
general  convex  function,  for  it  vanishes  for  f=a— 1,  and  is, 
according   to    our    definition    (3),    linear    in    every   interval 

*  Formula  (30)  is  independent  of  the  assumed  properties  ot  f(n)  and  e[n). 
This  formula  is,  in  fact,  the  analogon  for  sums  of  Diriehlet's  formula  for 
integrals. 
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iK^Oi  +  l.  But  both  of  these  restrictions  may  easily  be 
removed.  For  it  is  clear,  that  if  (32)  is  satisfied  by  a  certain  -\\r, 
then  it  is  also  satisfied,  if  we  replace  -\/r  by  i^  + const. 
Secondly,  a  convex  function  which  is  not  linear  in  the 
intervals  n<^<n+\  cannot  be  larger  than  the  function 
which  assumes  the  same  values  for  integral  values  of  ^  but  is 
linear  in  every  interval  of  this  kind.''^"  The  inequality  (32)  is, 
therefore,  a  fortiori  satisfied  if  -r^  signifies  the  most  general 
convex  function. 

(32)  is  a  particular  case  of  Dr.  Jensen's  theorem,  but  is 
easily  generalized  into  the  complete  theorem.  The  function 
e(n)  was  arbitrary,  only  subject  to  satisfying  (27)  ;  it  may, 
therefore,  be  chosen  so  that  e(?i)=0  except  at  the  points 
ni,  712,  •  •  •  ^fa,  which  have  been  taken  in  increasing  order. 
Putting  e{nr)  =  c,. ,  this  is  evidently  an  arbitrary  coefficient, 
only  subject  to  satisfying  the  inequality  (27)  which  becomes 

0<ic„<2cn  (l<r<a))   ....      (33) 

r  I 

and  (32)  becomes 


t 


_l 


<^~ (34) 


In  this  inequality  n,.  is  still  subject  to  being  an  integer 
(positive  or  negative)  ;  but  this  restriction  also  may  be 
removed.     It  is,  in  fact,  clear,  that  if  T/r(f)  is  a  convex  function, 

*  The  characteristic  geometrical  quality  of  convexity,  easily  deducible  from 
(24),  is  that  the  straight  line  connecting  any  two  points  of  the  curve  leaves  the 
part  of  the  curve  situated  between  these  two  points,  below  it.  This  may  be 
proved  as  follows  :  Writing  i/n  for  for  \j/{xn),  and,  assuming  Xi  <x-2<Xi,  (24) 
may  be  written 

^■2-vi     y-i-yi 

X-i  —  X\  "^    X-i  —  X-i 

whence 

y-i-y\^{x.-x^)~ — -. 

.^3  —  .*  1 

Now,  the  equation  to  the  straight  line  between  {x\,  yi)  and  {x-^,  y-^  is 

y-y,^{x-X,)~^^—^^, 

putting,  here,  a;  =  .r2  we  see  at  once  that  y  >.y-2- 

Vice  versa,  (24)  follows  from  the  geometrical  characteristic.  This 
characteristic  quality  is  also  at  once  proved  by  the  criterion  '^"{x)  >.0  which  is, 
therefore,  equivalent  to  (24),  whenever  ^"{x)  exists. 
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and  fc  >  0,  then  '^i  f  )  is  also  convex,  as  follows  at  once  from 

the  geometrical  consideration.     We   may,  therefore,  in  (34) 

replace    n^.  by    -^^  .     If   the    quantities    fc,,  n^,  n^,  .  .  .  n^  are 

supposed   to   increase    indefinitely    in    a    suitable    way,    the 

quantities  -y-'  may  be  made  to   approach  indefinitely  to  any 

previously    given    quantities    Xr.     If,    therefore,    '^{sc)    is    a 
continuous,  convex  function,  and  Xr  never  decreases,  and  if  the 

quantities  c,.  satisfy  the  inequality  (33)  where  2cr>0  then 


1^ 


2 


^Cr^(Xr) 

<'-!, ....     (35) 


This  is  Dr.  Jensen's  inequality  between  mean  values,  or  rather 
a  generalization  thereof,  for  Dr.  Jensen  only  proved  it  on  the 
assumption  that  all  the  coefficients  c,.  are  positive,  which  they 
need  not  necessarily  be  according  to  (33),  although  (33)  is 
certainly  satisfied  if  these  coefficients  are  positive.  In  that 
case  the  x^  may  be  taken  in  an  arbitrary  order. 

It  should  be  noted,  as  pointed  out  to  me  by  Mr.  N,  P. 
Bertelsen,  that  the  argument  employed  for  yjr  on  the  left-hand 

side  of   (35),   or     „*"- ,  is  not  smaller  than  the    smallest  or 

larger  than  the  largest  of  the  quantities  Xr.  This  is  easily 
proved  by  going  back  to  the  inequalities  (27).  Summing 
these  from  n=a  +  l  to  n=^  we  find  by  (31) 

0^^{n-a)e{n)^{/3-a)^e{n) 


or  a^e{n)  ^^ne{n)4:&^e{7i) 


or,  if  2e(«)>0, 

a 

^ne(n) 
2e(n) 

a 

whence  the  result  follows  by  proceeding  as  above. 
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From  (35)  the  corresponding  formula  with  integrals  instead 

of  sums  is  derived  by  putting  ^r  —  gi-),  <^r=^^(^j'—  where 

g{t)  and  h{t)  are  integrable  functions,  and  letting  oo  increase 
indefinitely.  By  the  definition  of  an  integral  as  a  limit  of  a 
sum,  Ave  then  obtain 


■\lr 


'\jc{t)g{t)di 

k(t)dt 
—     Jo  — 


\(t)yjr[g{t)]dt 

<^-^—n •     •    •     (36) 

/  k(it)dt 

J  n 


where  g{t)  never  decreases,  while  the  function  k{t),  according 
to  (33),  must  satisfy  the  inequality 

0<  \\{t)dt^  {)c{t)dt         (0<6'<1)    .     .     .     (37) 
je  Jo 

It  is   clear,  that  the   limits   0  and  1  in  (36)  and  (37)  may  be 
replaced  by  a  and  b  (put  t  ■=  ' in  the  integrals) . 

The  inequality  (36)  was  proved  by  Dr.  Jensen  on  the 
assumption  that  k,{t)  is  positive  which,  according  to  (37),  is  a 
sufficient  although  not  a  necessary  condition.*  In  this  case 
g{t)  need  not  be  never  decreasing. 

The  inequalities  (35)  and  (36)  are  of  a  very  general  nature, 
comprising,  as  particular  cases,  a  great  many  well-known 
inequalities,  as  pointed  out  by  Dr.  Jensen.  For  instance,  log  t 
being  concave  for  ^  >  0,  we  findt  from  (35),  putting  ■\^(^)  =  log  t, 
Xy  =.br>0, 


>    (?>'l'&^^    .    .    .    fo<^<-)ci  +  C.3+...+C„      .  .  (39) 


or 

cibi  +  CgbgH-.  •  .  +  cj)u 

If  this  well-known  formula  is  applied  to  any  other  than 

*  Tlie  formula  derived  by  Mr.  Meidell  is  the  particular  case  obtained  by 
putting  _9'(^)  =  ^  in  (36)  j  he  assumes,  like  Dr.  Jensen,  that  A-(<)  is  positive,  and 
introduces  certain  restrictions,  necessary  for  the  manipulation  of  the  integrals. 
These  restrictions  are  avoided  bj-  operating,  as  we  have  done  in  establishing  (32), 
on  stems  instead  of  integrals.  The  process,  by  which  (32)  was  generalized  into  (35), 
would,  in  the  case  of  Mr.  Meidell's  formula,  correspond  to  substituting  another 
variable  in  the  integral. 

t  Putting,  in  (38),  hr  =  /c^  we  have  (apart  from  the  notatioD)  inequality  (A) 
in  Mr.  Lidstone's  paper  in  J. I. A.,  vol.  xlv,  p.  487. 
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positive  c's,  (33)  must,  of  course,  be  satisfied,  and  h,.  must 
never  decrease. 

Putting  c,„=S»„  &m  =  i'"'"j  the  inequality  expresses  that  the 
equated  time  for  a  number  of  sums  due  at  different  times,  as 
found  by  the  usual  approximate  method  [Text-Book  I, 
pp.  2A!-21) , favours  the  debtor* 

Further,  ■^{t)  =  tlog  t  is  convex  for  t>0.  Putting  Xr=hf.>0 
and  assuming  either  that  c^  >  0,  or  else  that  (33)  is  satisfied 
and  h,.  never  decreases,  we  obtain  from  (35) 

a  formula  which  has  been  applied  in  this  Journal  (vol.  xl, 
p.  121)  by  Mr.  S.  E.  Macnaghten.  The  logarithmic  form 
of  (40)  gives,  if  h,.-=k^',  Mr.  Lidstone's  inequality  (B)  in 
J.I.A.,  vol.  xlv,  p.  487. 

If  ■\lr{t)  —  t^  which  is  a  convex  function,  we  find  from  (35), 

^>- 
puttmg  Cr=  —, 

2&r^r^r /^^x 

br  2o,. 

or  the  well-known  result,  that  the  harmonical  mean  is  not 
greater  than  the  arithmetical  mean.  This  certainly  holds  if 
br  and  cr,.  are  positive  quantities,  but  also  provided  only  their 

quotient  c^=    **  satisfies  (33)  and  x^  never  decreases. 

If  '\lr{t)  =  tP(p>l),  then  the  function  is  convex  for  t>0; 
putting  c,.=       we  obtain,  if  w,.>0 

'^  CO 

CO  J      ^  ft) 

also  a  well-known  result.t 

Many  other  interesting  examples  have  been  given  by 
Dr.  Jensen  ;  we  content  ourselves  with  referring  to  his  memoir, 
but  quote  from  Mr.  Meidell's  paper  the  following  application 
to  the  approximate  calculation  of  life-annuities. 

*  Fm*  e,.=  l  (39)  shows  that  tlie  arithmetical  mean  of  positive  quantities  is- 
never  smaller  than  the  geometrical  mean. 

t  See  Mr.  Lidstone's  paper  "  On  the  Equation  of  Payments,  &c  ,"  J.I.A. ^ 
vol.  xlv,  p.  484.  The  more  general  inequality  on  the  same  page  is  obtained  by 
putting,  in  (35),  ■^{t)  =  i'»\  x,.  =  r,  Cr  =  Sr. 
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Considering,  that  the  two  sides  of  (35)  approach  to  each 
other,  if  -v^  approaches  to  a  linear  function,  we  may  obtain  an 
approximate  formula  by  choosing  for  -\^  a  convex  function 
with  comparatively  slight  curvature. 

Applying  this  principle  to  the  life-annuity  a'x  at  rate  of 
interest  i'  +  i  +  h,  written  in  the  form  used  above 


«'.i-=2(l+M    ^v^tPx     .     .     . 

1 

Mr,  Meidell  writes 

ylr{t)  being  evidently  convex,  and  obtains  from  (35) 


_  1 

a'j;>aj.{l  +  hv)     ^ 

.  1 


(43) 


whence  the  approximate  formula 


Sx 


a'x  =  cix{^  +  hv)     ^' 


(44) 


(45) 


producing  a  slightly  too  small  value  for  a'a.. 

Putting,  in  (45),  i  =  0,  and  replacing  thereafter  h  by  i,  we 
find 

ax  =  ea;V!^'- (46) 

While  (46)  does  not,  without  a  corrective  term,  produce 
results  accurate  enough  for  practical  use,  the  results  by  (45) 
are  very  good,  as  appears  from  the  following  table,  quoted 
from  Mr.  Meidell's  paper,*  where  a^.  at  3  per-cent  and 
4  per-cent  was  calculated  by  (45),  taking  a^  at  3^  per-cent, 
while  A  denotes  the  difference  between  the  true  and 
approximate  values. 

o-'x  by  (45).  Text-book. 


X 

3% 

A 

4% 

A 

20 

22-02 

-04 

18-62 

-04 

30 

19-86 

-04 

17-13 

-03 

40 

17-16 

•02 

1512 

-02 

.'SO 

13-87 

-01 

12-51 

-01 

60 

10-22 

•00 

9-44 

•01 

70 

6-66 

•00 

6-29 

-00 

80 

3-70 

-00 

3-57 

■00 

One  or  two  minor  errors  iu  the  last  figure  have  been  corrected. 
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Mr.  Meidell  gives  other  examples,  but  those  in  the  table 
suflfice  to  prove  the  practical  utility  of  Dr.  Jensen^s  inequality 
which  has  not  yet,  amongst  actuaries,  received  the  popularity 
it  deserves. 

From  (36)  we  may,  as  pointed  out  by  ]\[r.  Meidell,  derive 

an  inequality,  resembling  (2)   in  form,  but  being  in  certain 

respects  more,  in  others  less  general  than  (2).     We  prefer,  for 

similar  reasons  as  above,  to  operate  on  the  sums  instead  of  the 

integrals,  and  proceed  to  show  how  an  inequalit}"  of   the  t^'pe 

(7)  may  be  derived  from   (35)  by  Mr.  Meidell's  method.     At 

the  same  time  we  shall  obtain   a  more  general  result  than 

Mr.  Meidell's. 

o)                    o)                  <i)(r) 
Putting,   in    (35),   iCr  =  r,    cr  =  2f,.>0,   s  =  ^rCr,    Cr= , 

■^(1)  =  -^f{n),  we  have 

or,  as /(?2,)  never  increases  and,  consequently,  -^{r)  ^—rf{r), 


or 


2:/(r)(/>(r)<tr2/(r). 

A  lower  limit  for  if{r)^{r)  may  be  obtained  in  a  similar  Avay, 

1 
or  simply  by  putting 

r=(o  +  l-oi,  (f){r)=(p/n),  f{r)  =  -fM) 
and  dropping  the  suffixes.     The  result  is  the  inequality 

s 

r-2f{n)<,if{n)4>{n)^a-2f{n)   ....      (47) 


1 

U)+  I—  - 

T 

where 


,=|„„,<,  =  |^J^,.4_^_.     .     .     (.8) 

it  is  assumed  that  f{n)  never  increases,  that  cr  >  0,  t  >  0,  s  >  0, 
and    that    the    quantities     ^  -  and  — ,  ^^       .    respectively 
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satisfy  the  condition  that  the  sum  from  1  to  r  is  not  smaller 
than  0  or  greater  than  o-  and  r  respectively. 

In  particular,  (47)  is  always  valid,  if  /(n)  never  increases, 
and  ^{n)  is  never  negative. 

If  o-=T=l — a  case  whicli  is  evidently  possible* — 
(47)  reduces  to  (7),  and  the  previous  considerations  have^ 
therefore,  procured  a  new  and  different  test  for  the  validit}" 
of  (7).  If  o-<l,  T<l,the  limits  in  (47)  are  generally  more 
narrow  and  certainly  not  wider  than  the  limits  in  (7) ;  if 
o->l,  T>1,  the  reverse  holds.  For,  putting  in  (7)  (f)  =  h,  we 
have  for  any  not  increasing  function 

y  y         x-l  +  k(y—x+l) 

^f{n)<k^f{n)<^f{n)  (0<fc<l)   .     .     .     (49) 

y+l-k(y-x-¥l)         x  x 

o 

If,  in  this  formula,  we  puf  k  =  (T<  1,  x=l,  y=  -  we  have 


c^2/»<2/(^0> 
1  1 

o 

while  for  fc  =  T<l,  x  —  w-\-\ ,  y  =  w,  "^ve  find 

2/(^0  <T2/(n). 

<o  — s+l  ,  ,       s 

T 

If,  on   the   other  hand,   we  put   /i;=-<l,  x-=\,    y=^s  resp. 

1  ^ 

A:=-<1,    x=^(iy  —  s-\-l,    y=a),    we    find    the     two    preceding 

T 

inequalities  with  the  sign  <  changed  into  > . 

From  (47)  we  may  derive  a   corresponding-  inequality  for 

integrals,   simply    by    putting    cf){7i)  =  (f)J-],f{n)=fif-]--^ 

\fi)  '  \0i '       CO 

dropping  the  indices  and  allowing  co  to  increase  indefinitely. 
Writing 

X=  I  'cli{t)dt,  fM=  r^dt,  v=  I  ^ 4^\dt  .     .     (50) 
Jo  Jot  J 0   J-  —  t 

Af{t)dt^\)lt]4>(t)dt<Jf(t)dt     .     .     .     (51) 

J         \  Jo  Jo 


the  result  is 


*  Example:  co  =  2,  (|)(1)=  |,  (^(2)=  |, 
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it  is  here  assumed,  that  f{t)  is  a  never- increasing,  intcgrable 
function,  that  the  integrals  (50)  exist,  that  X,>0,  /j,>0,  p>0, 
and  that  cf){/)  satisfies  the  condition 


0< 


0< 


dt< 


H' 


(0<K1) 


(52) 


dt-Cv 


The  condition  (52)  is  clearly  satisfied,  if  <^(i)  is  never 
negative.  The  limits  0  and  1  in  (50) -(52)  may  evidently  be 
replaced  by  a  and  h. 

Comparison  between  (51)  and  (2)  leads  to  similar  results 
as  the  comparison  made  above  between  (47)  and  (7);  we  need 
not   go  into   details. 

Comparison  between  (51)  and  (47)  shows,  that  it  is 
preferable  to  operate  on  sums  instead  of  integrals;  for,  in 
(51),  we  assumed  the  existence  of  the  integrals  (50)  which 
puts  certain  inconvenient  restrictions  on  the  ^(i),  for  instance, 
that  it  must  vanish  at  the  limits  of  integration. 

The  result  proved  by  Mr.  Meidell  was  (51),  but  on  the 
assumption  that  <p{t)is  positive  which,  according  to  (52),  is  no 
absolute   condition. 

Returning  to  Dr.  Jensen's  inequalities,  it  is  clear  that  the 
particular  case  obtained  by  putting  cr^  =  rin  (35),  or  g{t)  =  t 
in  (36),  is  the  most  important  for  the  actuarial  applications. 
The  formulas  are  for  this  purpose  conveniently  written 


2c,a/r(r)>>/.(^)2'-o 


1  = 


Ircr 

1 


which  is  identical  with  (32),  and 

\  k{t)^|r{t)dt^^^}r{7})f  'k{t)dt 


tk{t)dt 


[  h{t)dt 


(53) 


(54) 
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We  repeat  that  a  sntficienl  criterion  for  the  applicabihty 
of  these  inequalities  is,  that  Cr  and  k(t],  respectively,  are 
])Ositiye,  and  A"''-\^(?-)  and  ylr"{t)  respectively ^0. 

Many  of  the  functions  employed  in  actuarial  calculations 
satisfy  these  conditions,  at  least  when  Makeham^s  hypothesis, 
holds.     Amongst  the  functions  which  are  always  or  usually 

convex  for  adult  ages  we  quote  /Xj-,  q^,  ^x,  — ,  '^x,  ^x,  ^x, 

while  Ix,  dx,  Djc,  Cx,  Mx  should  be  treated  with  more  caution. 
In  order  to  use  the  limits,  produced  by  (53)  and  (54),  with 
advantage,  ^  and  r]  must  be  easier  to  calculate  than  the  ex- 
pression for  which  we  seek  a  lower  limit.  If  the  curvature  of  ^fr 
is  only  slight,  Ave  may,  ,as  in  Mr.  MeidelFs  example,  obtain 
an  approximate  formula  by  replacing  the  sign  ^  by  = .  But  it 
may  be  added  that  in  this  case  the  condition,  that  -yjr  should  be 
convex,  becomes  superfluous,  and  that  the  equations  then 
express  the  "  First  Theorem  oli  Mean  Value "  Avith  the 
important  addition  that  ^  and  rj  are  known  approximately. 
It  may  further  be  added  that  if  we  only  want  an  approximate 
formula  and  not  an  inequality,  the  whole  of  the  previous 
argument  may  be  spared  and  replaced  by  the  simple 
consideration,  that  the  obvious  identity 

^Cr{a  +  hr)  =  {a^h^)^c, (55) 

becomes  an  approximation,  if  the  linear  function  {a  +  hx)  is 
replaced  by  any  function  Avith  a  slight  curvature.  In  this 
form  the  theorem  was  already  given  some  years  ago  by 
Mr.  Lidstone*  who  further  showed  hoAv  the  approximation  ^ 
may  sometimes  be  improved.     If  we  put 

2c.F(0=F(02c,     .....     (56) 
and,  for  abbreviation, 

^=^^,  r=^— ^ (57) 

then  Mr.  Lidstone  finds  approximately 

Other  formulas  of  a  similar  nature  may  be  devised.  We 
confine  ourselves  to  one  that  produces  exact  results  if  applied 

*  J.I.  A.,  vol.  xlv,  p.  483, 
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to  a  polynomial  of  the  second  degree.     Let  F(^)  be  such   a 

polynomial ;  then 

will   be    of   the  first    degree,    and    (55)    may   be    applied  to 
2cVFi(?')  where  cV=^'c,. .     We  find 

or,  introducing  F(^)  and  c,., 

2c,.F(.)  =  [F(0)  +  ^^^^£l^^^]2c.     .     .     .     (59) 


Avhere 


f=S:'f'=i^:  •  •  •  •  •  («°) 


This,  being  exact  for  a  polynomial  of  the  second  degree, 
may  be  used  as  an  approximation,  if  F(^)  can  approximately 
be  represented  by  a  polynomial  of  the  second  degree. 

On  the  other  hand  there  are  cases  where  (58)  produces 
better  results  than  (59) ;  it  seems,  therefore,  that  further 
investigations  are  desirable  as  to  the  circumstances  under 
which  these  methods  of  approximation  are  efficient. 

Dr.  Jensen's  theorem  maybe  expresssed  very  simply  in  the 
language  of  probabilities.     Assume,  that  the   coefficients   c,. 

c  •  *" 

are    all    positive,    and   put   f^.-^-^    whence    2|>r=l-      Let 

1 
Xx,x^,  .  .  .  x^  be  all  the  possible  values  of  x,  and  let  pr  be 
the  probability  of  the  occurrence  of  x,..     Then,  by  definition, 

CO 

2pr^r    is     the    "mathematical     expectation     of     a?",    and 

Dr.  Jensen's  theorem  may  be  expressed  thus  : 

A  continuous  convex  function  of  a  mathematical  expectation 
is  not  greater  than  the  mathematical  expectation  of  the  function. 

If  the  mathematical  expectation  is  denoted  by  the  symbol 
E,  then  the  inequality  (35)  may  be  neatly  written  thus 

^^{Y.x)4.Y.^\r{x) (61) 

Taking    for    instance,    ■^[t)—t'^,   we  find    (E;c)-<E(.?J^);    as   a 
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matter  of  fact  'E{x-)  —  (Ex)^  is  the  square  of  the  mean  error 
and,  therefore,  positive. 

We  shall  not  continue  this  subject  further;  but  doubtless 
(61)  must  have  many  applications  in  the  theory  of  probabilities 
where  it  is  often  more  important  to  be  able  to  indicate  a  limit 
than  to  find  a  very  precise  one.* 

*  Compare  a  paper  by  Mr.  Meidell  on  the  theory  of  limitation  of  risk  in 
Transactions  of  the  Seventh  Actuarial  Congress,  vol.  i,  p.  88. 


ACTUARIAL    NOTE. 
Claim  Acceleration  Reserve  for  Endoicment  Assurances. 

1.  JLF  death  claims  are,  on  the  averag'e,  payable  [-  —  A-j  of 

a  year  after  the  moment  of  death,  the  claim  acceleration 
reserve  will  be  hi .  t^jya  for  a  unit  policy  effected  at  age  x, 
payable  at  x  +  n,  and  valued  on  the  assumption  that  the 
(^  +  l)th  annual  premium  is  due  and  unpaid.  This  assumption 
will  simplify  the  formulae  and  is  sufficienth'  accurate  when  a 
relatively  small  adjustment  is  in  question. 

2.  Dropping  the  factor  hi  (which  in  any  given  case  is  a 
constant  that  can  be  applied  to  totals),  and  representing  the 
sum  assured  by  S  and  bonus  additions  by  B,  we  have  for 
the  value  of  the  adjustment : 

(S  +  B)A,^,:^-S-i^a,+,,^ 

or,  writing  Aq  for  A^-  and  A^;  for  A^.^^  .-^^^ 

(S  +  B)A,-S^a.+,^, 

=  SA„-S^a,^,7:37,  +  BAo+(S  +  B)[A,-Ao] 

=  Ao[S,V,,7  +  B]+(S  +  B)[A,-Ao] 

3.  The  following  table  gives  specimen  values  of  A  on  the 
basis  0'^'  3  per-cent.     It  will  be  seen  from  this  table 

(i)  That  for  any  given  value  of  n,  A^A  increases  approxi- 

VOL.    LI.  Z 
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nuitely  in  G.P.  This  might  have  been  anticipated, 
since  it  is  known  that  Aa-Oa^|  and  Aj;(A„a^^i )  behave 
in  this  Avaj,  and  A=l  —  f7(l  +  aa— rj)  —  A^ax^j^^b  ^^^ 
that  Ax  A  =  —  A.V  [ox^^ini  +  A„  .  a^^^rj  ] . 

(ii)  That  for  any  given  value  of  the  maturity-age,  M  =  ^  +  n, 
the  values  of  A  change  but  slowly  in  the  most 
important  part  of  the  table,  but  they  naturally  fall 
off  as  the  assurance  nears  maturity. 


O**"'  3  per-cent  Values  of  K\-.. 


(x  +  n) 

40 

45 

50 

55 

60 

65 

20 

•104 

•127 

•149 

•174 

•200 

•226 

25 

•089 

•116 

•143 

•172 

•203 

•236 

30 

•069 

■100 

•133 

•168 

•205 

•245 

35 

•040 

•079 

•118 

•160 

•205 

•253 

40 

•047 

•096 

•147 

•201 

•259 

45 

•059 

•122 

•188 

•259 

50 

•077 

•159 

•246 

55 

•104 

•215 

60 

•145 

4.  From  (i)  it  follows  that  a  mean  value  of  Ao  for  any 
given  value  of  n  —  t  (the  unexpired  term)  can  be  found  by 
means  of  the  average  maturity-age  derived  by  the  Z  method. 
Over  the  whole  E.A.  business,  the  average  value  of  M  is  usually 
rather  under  60,  so  that  if  we  take  age  60  we  should  be  fairly 
accurate  with  a  small  error  on  the  side  of  stringency.  A  glance 
at  the  table  shows  that  '2  should  be  a  fair  average  value  of  Aq, 
and  that  [A;— Ao]  is  generally  negative  but  not  important 
except  at  the  smallest  unexpired  terms.  Neglecting  [A<— Aq], 
which  process  is  on  the  side  of  stringency,  we  have  the  result 
that  the  adjustment  is 

<-2A;i[S,V,„|  +  B]* 


[f    'k=  ,^,  the   claim  acceleration-reserve   on    a 


3    per-cent 


*  If  the  adjustment  were  taken  to  be  AoH[SiVj„i  +  value  of  Bonus],  the 
omitted  terms  would  be  S{kt- k^^ +  \'>iht  —  -^o^x+t^l^t)-  The  first  term  is 
generally  positive,  but  the  second  may  in  many  casts  he  negative,  and  it  is  not 
easy  to  show  that  on  the  whole  the  adjustment  so  calculated  would  be  on  the 
safe  side. 
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basis  is  therefore  less  than  -002  x  [the  total  endowment 
assurance  reserve  —value  of  Bonus  +  actual  amount  of  Bonus] . 
This  result  amply  confirms  a  remark  made  by  Mr.  J.  M. 
Warden,  F.F.A.  (T.F.A.,  vol.  vii,  p.  348)  to  the  effect  that 
his  experience  had  satisfied  him  that  an  adjustment  of 
\  per-cent  on  the  reserve  "is  larger  than  is  necessary  when 
the  average  period  is  two  months. ''  Similarly,  Mr.  H.  W. 
Brown  said  [loc.  cit.  p.  346)  :  "  I  think  a  reserve  of  '2  of  1  per- 
"  cent  of  the  liability  in  respect  of  bonus  additions  and  a 
"  reserve  of  '15  per-cent  of  the  remaining  liability — that  is 
"  the  liability  for  the  sum  assured — will  be  found  to  give  a 
"  sufficiently  stringent  reserve  for  early  payment  of  claims 
"  under  the  endowment  assurance  class." 

5.  The  whole  adjustment  found  by  the  above  or  any  more 
closely  accurate  process  is  so  small  that  probably  most 
actuaries  will  think  it  desirable  to  increase  it  in  practice.  A 
very  good  way  to  do  this  is  to  throw  out  altogether  the 
adjustment  in  the  value  of  the  premiums  and  to  take  the 
claim  acceleration  reserve  as  L(,hi  [total  value  of  sums 
assured  and  bonus] . 

6.  It  will  be  observed  from  the  approximation  that  the 
average  value  of  Aq  (on  which  alone  depends  the  adjustment 
in  the  value  of  the  premiums)  should  be  a  fairly  close  one. 
The  principal  error  in  the  final  result  arises  from  the  neglect 
of  the  term  [S  +  B][A^  — Aq]  which  affects  the  sum  assured 
and  bonus  only.  Hence,  if  it  is  desired  to  apply  the  adjust- 
ment separately  to  the  value  of  the  sum  assured  and  bonus 
and  to  the  value  of  the  pure  premiums,  the  former  adjustment 
will  be  Aflfci  [total  amount  of  sums  assured  and  bonus]  Avhich 
will  be  considerably  in  excess ;  and  we  can  also  find  a  close 
approximation  to  the  adjustment  in  the  value  of  the  premiums, 
namely, 

—  AflHSSa.,+<  ;^zTj/a,.^,  =  —  A  ofctSSa,,^^  ;;r7)  (P,  ,Ti  +  c?)  = 

—  Aoki  [S  value  of  pure  premiums  +  X  sums  assured  — 2! 
value  of  sum  assured] .  This  assumes  that  the  values  of  the 
sums  assured  are  known  independently  of  the  values  of  the 
bonus  additions.  If,  however,  the  sums  assured  and  bonuses 
are  valued  together  the  values  of  the  sums  assured  alone  can 
be  found  with  sufficient  accuracy  for  the  present  purpose  by 
valuing  the  bonus  additions  in  broad  groups  and  deducting 
the  value  so  found  from  the  value  of  the  sums  assured  and 
bonuses  combined. 

z  2 
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7.  Similarly,  the  correction  to  tlie  net  premium  income  is 

-  K^M  2  —  =  -  A  oA;iS  S  ( P,,  „  1  +  fZ) 

wliicli  is  easily  calculated  since  SSPj:^i  and  SS  are  known. 

8.  In  the  above  Notes  the  0^''^  Table  has  been  used  for 
convenience,  biit  the  results  on  the  0^  Table  would  be  similar. 
The  case  of  a  combined  0^^  and  O*''"^  Valuation  would  be  more 
complicated,  but  it  does  not  appear  j^robable  that  the  results 
could  be  substantially  different,  and  there  seems  little  objection 
to  using  a  single  table  in  calculating  the  value  of  a  small 
adjustment,  especially  as  the  factor  A^ki  found  from  the 
single  table  is  actually  applied  to  the  larger  reserves  resulting 
from  the  combined  tables. 

9.  It  is  not  claimed  that  the  method  here  outlined  does 
more  than  give  an  easil3^-applied  method  of  calculating  the 
adjustment  on  the  safe  side  :  but  the  adjustment  is  itself  so 
small  that  such  a  method  is  all  that  is  usually  requii-ed. 

G.  J.  L. 


REVIEWS. 


Standard  Mortality  Ratios  incident  to  Variations  in  Height  and 
Weight  among  Men.  Report  of  the  Joint  Committee  of  the  Actuarial 
Society  of  America  and  the  Association  of  Life  Insurance  Medical 
Directors. 

[Xew  York,  1918.] 

TiJis  Report — which  is  apparently  intended  to  be  followed  by 
similar  reports  dealin,2  with  other  factors  affecting  the  eligibility  of 
lives  for, .assurance — is  the  outcome  of  a  suggestion  that  the  work 
of  the  Medico-Actuarial  Investigation  should  be  supplemented  by 
the  definite  recommendation,  for  general  use,  of  "  standards  by 
which  to  measure  the  value  of  lives  for  insurance."  It  presents, 
in  a  series  of  tables,  a  revised  and  analyzed  statement  of  the  results 
already  published  by  the  Medico- Actuarial  Investigation  Com- 
mittee in  regard  to  the  influence  of  build  and  excessive  abdominal 
girth  on  mortality. 

No  useful  purpose  would  be  served  by  discussing  the  methods 
employed  in  the  construction  of  the  tables  or  the  meaning  of  the 
results.  Nor,  indeed,  is  the  material  available  for  such  a  discussion, 
for  after  referring  to  three  methods  of  dealing  with  the  prepon- 
derance of  the  experience  of  early  policy  years  and  stating  that 
certain  further  statistics  had  been  furnished  by  the  Mutual  of 
New  York  the  Report  proceeds  :   "  With  this  additional  information 
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"  and  with  such  further  data  as  could  be  obtained  from  the  experience 
"  of  other  individual  companies,  the  Committee  prepared  tables  of 
^'  percentages  in  practicable  form  for  use  in  the  selection  of  risks 
"  which  seemed  to  it  to  be  fairly  representative  of  past  experience 
■"  after  giving  due  weight  to  the  results  obtained  xmder  the  three 
"  plans  referred  to  above."  It  is  sufficient,  in  view  of  the  form  that 
the  results  take,  that  we  have  here  the  authoritative  recommendation 
of  a  Committee  cf  experts  who  have  obviously  given  careful  con- 
sideration to  the  various  points  involved.  It  is  immaterial  that 
other  methods  might  have  produced  somewhat  different  results, 
because  a  mortality  ratio  is  in  any  case  a  blend  of  more  or  less 
unknown  constitution. 

The  important  point  about  the  Eeport  is  that  it  seems  to  mark 
the  definite  adoption  of  the  mortality  ratio  by  American  actuaries 
as  a  practical  representation  of  the  mortality  of  a  class  of  lives.  This 
appears  to  us  rather  a  confession  of  failure  from  the  research  point 
of  view.  The  mortality  ratio  tells  us  in  effect  that,  according  to  a 
particular  experience,  the  actual  deaths  among  a  group  of  lives 
having  certain  defined  characteristics  were  a  specified  percentage  of 
the  expected  according  to  a  given  standard.    That  is  to  say,  it  gives 

n  n 

the  value  of  '2q'[x]+n'^[x]+J'^'lix]+nE'[x\+n — obviously  a  most  com- 

0  0 

plicated  fact  to  translate  into  an  extra  premium.  It  tells  us 
nothing  as  to  the  incidence  of  the  mortality,  nothing  as  to  the 
relative  values  of  q  and  q.  We  fully  recognize  the  impossibility 
of  having  a  separate  mortality  table  for,  e.g.,  30 -lb.  overweights  of 
medium  height  and  aged  30-34  at  date  of  assurance;  but  between 
this  and  the  mortality  ratio  TIS  there  are  numerous  possibilities. 
It  seems  to  us  that  it  would  be  more  illuminating,  even  if  it 
should  involve  a  broader  grouping,  to  have  (say)  the  values  of 
2g'[x]+nE[a;]+«/2E[^]+„  -  2<?[a;]+/iE[^]+n/2E^+«  fov  the  first  5  years 
of  assurance  and  for  subsequent  durations.  The  mortality  ratio  may, 
perhaps,  owe  its  official  adoption  to  the  vogue  of  the  numerical 
method  of  rating,  by  which  one  arrives  at  the  percentage  by  which 
the  "  total  value  of  a  risk  "  exceeds  or  falls  short  of  the  normal 
by  adding  together  the  several  percentages  by  which  its  mortality 
ratios  exceed  or  faU  short  of  the  standard  in  such  respects  as  build, 
family  history,  pulse  rate,  occupation,  &c.  "We  doubt,  however, 
whether  this  is  sufficient  to  commend  it.  Without  insisting  unduly 
on  the  fact  that,  as  Mr.  Macaulay  in  particular  has  shown  (T.A.S.  A.., 
vol.  xii,  p.  290),  the  method  leads  to  absurd  results  in  extreme 
cases — for  this  might  be  true  of  a  method  which  nevertheless  had 
a  scientific  basis  in  average  cases — we  cannot  find  that  so  far  any 
valid  argu.ment  for  it  has  been  adduced,  except  perhaps  the  argument 
from  experience.  It  has  been  suggested  that  it  is  a  more  methodical 
substitute  for  the  old-fashioned  plan  of  mentally  balancing  pros  and 
cons,  and  that  by  its  means  the  errors  "  due  to  the  exercise  of 
personal  judgment  on  a  combination  of  factors  "  are  greatly  reduced. 
It  would  seem,  however,  that  even  with  the  numerical  method  the 
impossibility  of  di\dding  a  risk  into  absolutely  independent  factors 
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must  involve  liability  to  error.  It  is  obvious,  for  example,  that  it 
would  be  fallacious  to  obtain  the  value  of  a  lightweight  with  a 
tubercular  history  by  adding  together  the  separate  mortality  ratios 
for  light  weight  and  personal  history  of  tuberculosis. 

A  second  point  suggested  by  the  Report  is,  that  the  adaptation 
of  an  Experience  to  the  purpose  for  which  it  is  intended  to  be  used 
appears  to  be  increasingly  regarded  in  America  as  part  of  the  regular 
procedure  of  a  mortality  investigation.  The  principle  is  as  old  as 
the  employment  of  "  amounts  "  as  the  basis  of  a  mortality  table, 
but  it  is  now  being  freely  applied  to  the  data  included  in  an  investi- 
gation. The  most  remarkable  example  of  its  exploitation  is  afforded 
by  the  recently-compiled  American  and  Canadian  Experience,  in 
which  the  data  have  been  disciplined  by  the  restriction  of  the 
amount  observed  on  any  one  life  to  8100,000  and  by  the  limitation 
of  the  contributions  of  certain  large  companies.  It  is  a  principle 
which  affords  scope  for  much  ingenuity.  In  the  Report  under 
notice,  for  example,  one  of  the  methods  of  dealing  with  the  pre- 
ponderance of  early  policy  years'  experience  was  to  reduce  the 
actual  and  expected  deaths  of  any  policy  year  "  in  proportion  to 
the  number  of  years  of  issue  entering  therein."  But  even  after  this 
adjustment  the  several  durations  must  have  entered  into  the 
aggregate  with  varying  weights,  owing  to  the  varying  amounts  of 
new  business  in  different  years.  It  is  a  question  whether  it  would 
not  be  more  satisfactory,  in  forming  aggregate  tables,  to  combine 
the  various  durations  in  definite  and  known  proportions. 


Simple  Interest  Tables  (£  s.  d.).    By  William  Schooling,  C.B.E.. 

F.R.A.S. 

[Pp.  xvi  +  172.     Loudou  :  Sir  Isaac  Pitman  &  Sons,  Ltd.     2ls.  net.] 

Of  the  170  pages  of  tables  contained  in  this  work,  50  are  taken 
up  by  a  table  of  log  240{»/365  (for  i=l  to  6  per-cent  by 
eighths,  6^  to  7  per-cent  by  fourths,  8,  9  and  10  per-cent  and 
n  =  l  to  369),  and  100  more  by  a  table  of  logS  for  S=l  to 
23999.  It  will  be  apparent  that  the  efiect  of  entering  the  first 
table  with  a  specified  rate  of  interest  and  a  specified  number 
of  days,  of  entering  the  second  with  a  specified  number  of 
pounds,  of  adding  the  results,  and  finally  of  entering  the  second 
table  inversely  with  the  sum  thus  obtained,  will  be  to  give  (to 
the  nearest  penny  and  within  the  limits  of  the  table)  the  simple 
interest  (in  pence),  for  the  specified  rate  and  number  of  days, 
on  the  specified  amount.  The  second  table  is  arranged  with  £S 
and  the  equivalent  in  £  s.  d.  of  S  pence  as  alternative  arguments — or, 
rather,  as  argument  and  result — on  the  left  and  right  respectively 
of  the  log,  so  that  the  computer  can  take  out  the  antilog  directly  in 
£  s.  d.  (whence  the  title  of  the  tables)  instead  of  having  to  convert 
the  pence;  and  there  are  supplementary  tables  for  dealing  with 
amounts  outside  the  range  of  the  tables.  Moreover,  with  the  object 
of  rendering  the  tables  cax)able  of  being  used  by  a  comj)uter  who 
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does,  not  understand  logarithms,  the  tabulated  values — 5-figure 
logs  with  characteristics — are  printed  without  decimal  points,  and 
with  10  added  when  (as  in  parts  of  the  first  table)  they  would 
be  negative.  Mr.  Schooling's  idea,  as  set  forth  in  the  preface, 
is  that  we  can  use  logs  without  understanding  their  nature  just  as 
we  can  switch  on  electric  light  without  knomng  how  it  is  produced, 
or  turn  on  water  without  understanding  a  pump.  In  the  particular 
case  under  consideration  this  may  be  true  as  regards  calculations 
falling  within  the  range  of  the  tables,  but  our  feeling  is  that  if  a 
clerk  who  knew  nothing  about  logarithms  were  asked  to  calculate 
by  these  tables  interest  on  an  odd  amount  (not  an  integral  number  of 
pounds),  or  interest  amounting  to  more  than  £99  19^.  llc^.,  anything 
might  happen.  And  anyone  with  a  knowledge  of  logarithms  would, 
we  think,  find  it  more  convenient  to  use  a  table  of  log  t/i/365 — i.e., 
a  table  similar  to  Mr.  Schooling's  first  table,  but  without  the  pence 
factor,  in  conjunction  with  an  ordinary  log  table. 

Any  tables  for  the  purpose  of  calculating  simple  interest  for 
broken  periods  naturally  challenge  comparison  with  John  Laurie's 
well-known  work.  Since  the  publication,  in  1831,  of  the  1st  edition 
(of  which  "Every  genuine  Copy"  bore  the  author's  signature), 
this  work  has  become  such  an  established  institution  that  five  years 
ago  it  reached — wath  comparatively  little  material  change — ^a 
42nd  edition.  It  seems  almost  useless  to  contend  with  such  a  work. 
There  is  obviously  something  in  its  monumental  simplicity  that 
appeals  to  the  human  mind — something  that  makes  it  almost  futile 
to  suggest  that  Sellar's  Tables  (on  similar  general  lines,  but  with  a 
logically  reduced  range  of  amounts  and  with  the  results  given  to  the 
nearest  tenths  of  a  penny)  are  far  more  serviceable.  As  compared 
with  either  Laurie  or  Sellar,  Mr.  Schooling  gives,  of  course,  a  far 
more  extensive  range  of  rates.  But  most  of  these  rates  are  very 
seldom  wanted,  and  for  the  occasional  calculation  at  an  odd  rate 
there  are  devices  familiar  to  all  computers  of  simple  interest,  or,  at 
the  worst,  there  is  the  despised  multiplication.  And  there  is,  to  our 
mind,  the  fatal  objection  to  Mr.  Schooling's  process  that  it  requires 
three  openings  of  the  tables  as  against  Laurie's  or  Sellar's  one. 

Mr.  Schooling's  fertility  in  ideas  on  the  subject  of  the  calculation 
of  simple  interest  is  not,  however,  exhausted  by  the  £  *■.  d.  tables. 
In  the  preface  to  these  tables  he  states  that  he  has  in  preparation 
tables  on  an  alternative  plan,  and  a  specimen  is  given  on  pp.  4-7 
of  the  present  work.  This  is  simply  a  table  of  S  in /36o  for  S  =  100, 
200  .  .  .  900,  i  = -01  and  w  =  1  .  .  .  185  with  a  few  additional 
values — ^the  residts  being  given  to  6  decimal  places.  It  pushes 
Sellar's  logical  reduction  of  amounts  to  the  limit  rendered  possible 
by  the  use  of  decimals,  and  it  requires  only  one  opening.  Although 
involving  in  most  cases  more  simple  addition  than  Laurie,  a  table 
of  this  kind  is  a  simple  and  reasonable  instrument  which  will  com- 
mend itself  to  every  computer  who  is  used  to  working  in  decimals. 
Whether  it  will  compete  successfully  with  John  Laurie  is  another 
matter. 
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CORRESPONDENCE. 


THE  RELATION  BETWEEN  THE  RATES  OF  MORTALITY,  OR 
DECREMENT,  FROM  PARTICULAR  CAUSES,  AND  THE 
RATES  FROM  ALL  CAUSES,  WITH  SOME  REMARKS  UPON 
THE   PREVALENT   MISUSE   OF  THE   TERM   "RATE." 

To  fhe  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Dear  Sirs, — With  reference  to  Mr.  D.  S.  Savory's  letter 
J. I. A..,  vol.  li,  p.  65,  regarding  the  mortality  due  to  the  war,  I  beg 
to  submit  the  following  remarks  dealing  with  the  subject  somewhat 
generally. 

The  distinction  between  a  probability  and  a  rate  is  one  that 
deserves  to  be  more  clearly  emphasized.  The  term  '  rate  of 
mortality  ",  as  generally  employed,  might  be  defined  as  meaning  the 
proportion  dying  in  a  year  out  of  a  number  exposed  to  the  ri^k  of 
death  for  the  duration  of  a  year  or  until  death  within  the  year,  the 
words  "  per  annum  "  being  understood.  This  particular  definition 
has  most  conveniently  led  to  the  function  qx  in  an  ordinary  mortality 
table  becoming  invested  with  a  dual  capacity ;  for  q^  not  only 
represents  the  annual  rate  of  mortality  as  above  defined,  but  also 
the  probability  of  dying  within'  a  year,  at  age  x. 

When,  however,  we  come  to  split  q^  into  its  component  parts, 
the  distinction  is  a  real  one.  For  we  can  subdivide  q^,  the  total 
probability  of  dying  in  a  year,  into  the  partial,  mutually  exclusive, 
and  additive  probabilities  of  dying  in  a  year  from  cancer,  consumption, 
Sic,  Avhose  sum  equals  exactly  the  total  probability  of  dying  in  a 
year ;  but  we  cannot  so  split  up  the  rate  of  mortality  qj^  into  partial 
rates  of  mortality,  for  the  rates  of  mortality  from  different  diseases 
are  proportions  of  dissimilar  things  and  are  therefore  not  additive, 
e.g.,  the  rate  of  mortality  from  consum^jtion  is  the  proportion  dying 
from  consumption  of  those  exposed  for  a  year  to  that  particular  risk, 
^vhile  the  rate  of  mortality  from  cancer  is  a  proportion  of  another 
thing. 

Coming  now  to  the  paiticular  problem  (which  is  somewhat 
similar  to  that  dealt  with  by  Dr.  Sprague  in  J. I. A.,  vol.  xxi,  p.  406, 
see  also  Ackland,  vol.  xxxiii,  p.  194j  :  Given  the  values  g,,^,  the 
rate  of  mortality  from  normal  and  war  causes  combined,  and  q^ , 
the  rate  of  mortality  due  to  normal  causes,  it  is  desired  to  fijid  an 
expression  for  the  rate  of  mortality  due  to  the  war. 

Let  (In  and  dg  be  the  number  dying  during  a  war  year  from 
normal  and  war  causes  respectively,  out  of  /  persons  alive  at  the 

commencement  of  the  year  ;  then  -^  and  ~  will  be  the  probabilities 

of  dying  from  the  respective  causes  mentioned.  Let  these 
probabilities  be  desigiiated  q'n  and  q'g,  as  distinguished  from 
qn  and  q^,,  the  corresponding  rates  of  mortality. 
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Then  qn=      '" 

/  -  ^  (L 
2 

Dividing  both  numerator  and  denominator  by  /,  we  have 

a ^Ln_ 

Hn  —  , 


A 


Whence  '7'n  =  ?//l  -  -  gV/j 

Similarlj^  qg=  ^ — 

/-  -dn 

Whence  '^l u  = 'igi^ ---,<!  A B 

It  is  easily  seen  thai;  Qngiov  q  ng)  =  q'n  +  (ly C 

Substituting  first  A  and  then  B,  we  derive  from  C 


'Ing       Qn 
1  -    -'In 


g'  IM—i^ J) 


g'n^'^"-"/^ E 


0    ' 

From  B,  q^  =  /^   ^,   : 


whence,  substituting  for  q'g  and  q„  the  values  given  in  D  and  E, 

'^(qng  -  Qn) 


T  1 


'^'^~^'~    ""     ■>-q 


i.e.,  qgUl  -  -qnjh  -  '?»,/)  +  [Qng  -  Qujl  =  ^[Qng  -  Qn) 

Whence  we  get  q^=        Qng-Qn p 

l-'Zn+  jlnQny 
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Eiiuations  D  and  F  represent  respectively  the  probability  of  dying 
and  the  rate  of  mortality,  from  war  causes,  as  expressed  in  terms  of 
the  known  quantities  qng  and  Qn-  Formula  F  agrees  with  that  got 
by  Prof.  Cantelli  except  for  the  third  term  in   the  denominator, 

his  result  being  ~~- ".     The  Professor's  reasoning  as  quoted  by 

Mr.  Savory  evidently  omits  certain  considerations. 

With  regard  to  the  statement  credited  to  the  Professor  that  his 
result  follows  from  Karup's  theorem 

Pnr/  =  Pn  ^  Pi/ 

the  probabilities  Pn  and  Pg  in  this  particular  instance  are  not 
altogether  subjects  for  multiplication  as  they  do  not  relate  to  events 
that  are  quite  independent.     The  true  relation  is 

Pmj  =  (1  -  Qny)  =  1  -  Wn  +  Q  ;,) 

Formulas  1)  and  E  would  furnish  the  means  of  expressing  Png  in 
terms  of  p,i  and  p^ . 

As  regards  the  method  adopted  by  Prof.  Hersch,  this  would 
have  been  quite  correct  had  he  been  dealing  with  probabilities 
instead  of  rates,  for  q'g  =  qng  -Qn,  I'l^^t  as  indicated  above,  it  is  not 
accurate  to  add  or  subtract  rates. 

Among  our  writers  there  is,  so  far  as  terminology  is  concerned, 
a  want  of  precision  in  discriminating  l)etween  a  rate  and  a  probability. 
In  a  pension  fund  for  instance,  we  require  the  probabilities  of  exit  by 
death,  withdrawal,  &c.  Out  of  a  number  who  attain  a  given  age 
Ave  require  to  know  simply  the  proportion  that  will  go  off  the  fund 
by  each  of  the  modes  of  exit  within  a  year,  and  the  proportion 
remaining  on  the  fund  at  the  end  of  the  year  ;  it  is  a  simple  splitting 
up  of  the  given  number,  the  results  representing  the  mutually 
exclusive  probabilities  in  respect  of  each  of  the  possible  ways  in 
which  the  event  can  happen,  and  adding  to  unity.  These  proportions 
or  prol)abilities  are  commonly  and  loosely  described  as  rates  of 
mortality,  withdrawal,  &c.,  but  they  are  clearly  not  properly  so 
described.  Another  term  used  with  an  appearance  of  greater 
precision  is  "the  rate  of  mortality  while  on  the  active  list",  but 
this  is  a;lso  inexact.  The  rate  of  mortality  while  on  the  active  list 
is  in  fact  correctly  represented  by  the  following  expression  : 

Rate  of  moi-talitv  whilel  q' 


on  the  active  list       J  i 


1  -  :.  (f^'l'x  +  rq'x) 


where  q,  wq  and  rq  represent  the  probabilities  of  exit  by  death, 
withdrawal,  and  retirement.  For  if  not,  what  is  the  correct 
designation  of  this  expression  "l 

The  cause  of  the  confusion  is  evident.     Insurance  is  effected 
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against  a  probability,  never  against  a  rate  ;  and  when  dealing  with 
ordinary  life  insurance,  actuaries  could  hardly  help  seeking  for 
the  probability  of  dying  within  a  year,  or  the  simple  proportion 
of  those  dying  in  a  year  out  of  a  number  alive  at  the  commence- 
ment. It  was  expedient  to  define  the  abstract  function  known 
as  the  rate  of  mortality  so  that  it  would  coincide  with  this, 
rather  than  to  define  it  in  any  other  way,  such  for  instance  as  that 
proposed  by  Dr.  Farr ;  and  therefore  when  we  are  dealing  with  a 
single  force  such  as  death  or  withdrawal,  the  proljuljility  and 
the  rate  have  the  same  value.  In  short,  actuaries  obtained  the 
probability  and  called  it  the  rate.  The  term  "rate",  however, 
which  a  nice  discrimination  would  have  restricted  to  the  abstract 
idea,  was  allowed  to  impose  itself  everywhere,  even  in  respect  of 
probabilities  with  quite  a  diflferent  value,  to  the  extent  that  the  idea 
of  a  probability  with  its  resultant  simplicity  appears  to  have  been 
banished  to  a  precarious  footing  on  the  margin  of  consciousness. 

It  is  curious  to  note  how  even  some  of  the  most  eminent  of  our 
■vATiters  have  paid  homage  to  the  usurper.  The  late  Mr.  Manly,  for 
instance,  obtained  what  were  apparently  true  rates  of  mortality  and 
withdrawal  iq_i.  and  u-qj,  and  used  them  as  probabilities  of  exit, 
admittedly  as  an  approximate  measure,  but  without  an  appropriate 
change  in  designation,  following  in  this  respect  the  prevalent  custom 
{J.I.  A.,  vol.  xxxvi,  pp.  211,  260,  261).  The  retention  of  the  incorrect 
terminology  is  responsible  for  half  the  difficulties  alluded  to  on 
p.  4  of  vol.  xlii,  besides  rendering  the  reasoning  obscure,  and  leaving 
its  mark  on  the  formulas  there  given.  On  the  other  hand,  in 
vol.  xxxix,  p.  133,  Mr.  George  King  lays  down  \ery  clearly  the 
correct  procedure  for  deriving  the  probabilities  of  exit  required  in 
a  pension  fund,  but  his  ultimate  retention  of  the  incorrect  term 
"rate"  has  led  to  his  explanation  being  unnecessarily  cumbered  by 
the  fiction  (doing  violence  to  the  facts)  that  "in  getting  out  the 
rate  of  mortality  we  must  therefore  treat  the  withdrawals  and 
retirements  as  at  risk  for  the  whole  year",  &c.  :  a  relative,  apparently, 
of  the  older  fiction  that  in  getting  out  the  rate  of  mortality 
simpliciter,  deaths  were  to  be  treated  as  at  risk  for  the  whole  year. 

In  Insurance  functions  of  all  kinds  it  is  always  the  probahilify 
that  we  require,  and  the  expulsion  of  the  term  "rate"  herefrom  at 
once  removes  the  accompanying  obscurities  and  rationalizations, 
and  clears  the  channel  of  thought. 

A  great  deal  would  be  gained  if  a  special  symbol  were  used,  where 
apiiropriate,  to  designate  a  probability  as  distinct  from  a  rate  (as  in 
this  communication  for  example.^  and  if  at  the  same  time  the  concrete 
functions  employed  in  financial  computations,  particularly  those  used 
in  respect  of  pension  funds,  Avere  given  their  proper  designations. 
This  need  not  in  any  way  interfere  with  the  undoubted  convenience 
gained  from  the  use  of  the  term  "rate"  in  the  purely  general  sense. 
We  could  very  easily  speak  of  the  general  characteristics  of  the  rates 
of  mortality,  &c.,  for  example,  and  at  the  same  time  take  care  to 
describe  our  algebraic  and  tabular  functions  as  probabilities  or 
proportions. 
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I  should  add  that  the  above  examples  are  not  quoted   l)y  way  of 
■criticism  of  the  eminent  writers  named  but  merely  as  illustrations. 

I  am,  Dear  Sirs, 

Yours  faithfully, 

A.  T.  TRAVERSI. 
IVellington, 

New  Zealand. 

10  August  1918. 


P.S. — Though  in  the  problem  dealt  with  by  him  Dr.  Sprague 
very  clearly  ditierentiated  between  a  rate  and  a  probability,  never- 
theless his  awkward  expression  '  the  annual  marriage  rate  among 
bachelors  who  do  not  die  in  the  year"  {J. I. A.,  vol.  xxi,  pp.  413  and 
415)  involves  some  confusion  regarding  the  definition  of  a  rate, 
and  it  is  surprising  that  his  terminology  in  this  instance  should 
apparently  have  remained  unchallenged.  If  '  rate''  is  defined  as 
in  the  second  paragraph  of  this  letter  {mutaHs  inufandis),  it  is  clear 
that  the  function  in  question  could  be  described  with  the  most 
rigid  accuracy  and  with  greater  simi)licity  as  the  annual  iiianiage 
rate  among  bachelors,  notwithstanding  Dr.  Sprague's  delil)erate 
rejection  of  the  latter  expression  in  favour  of  his  own. 

Dr.  Sprague's  phrase  is  in  fact  a  distinct  misdescription  of  the 
function,  and  a  realization  of  this  fact  would  be  of  considerable  help 
to  students.  If  we  were  really  in  pursuit  of  the  marriage  rate 
among  bachelors  who  do  not  die  in  the  year  we  should  require  to 
exclude  altogether  from  the  figures  the  bachelors  who  die  in  the 
year.  True,  it  might  at  first  sight  appear  that  there  should  be  no 
difference  between  the  annual  marriage  rate  among  bachelors  and 
that  among  bachelors  who  do  not  die  in  the  year,  seeing  that  the 
rate  among  bachelors  who  die  in  the  year  is  nil :  but  as  indicated 
above,  we  cannot  add  or  subtract  rates. 

Similar  remarks  apply  to  the  phrase  the  annual  death  rate 
among  bachelors  who  do  not  marry  in  the  year." 

A.  T.  T. 


THE   NATIONALITY   OF   TETENS. 

To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Dear  Sirs, — May  I  be  permitted,  as  a  Corresponding  Member 
of  the  Institute,  to  call  attention  to  an  excusable  error  concerning 
one  of  my  countr\inen,  which  I  happened  to  notice  in  that  reliable 
standard  work,  the  Institute  Text-Book.  I  find  that  the  first  inventor 
of  commutation-columns  (J.  N.  Tctens)  is  called  a  German  professor, 
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altliough  the  place  where  he  was  born,  namely,  Kiel,  was  Danish  at 
that  time  and  belonged  to  Denmark  for  the  next  127  years.  I  need 
not  go  into  details,  as  these  have  already  been  given  by  F.  Hendriks 
in  the  first  volume  of  this  Journal  (p.  2)  ;  only  I  may  add,  that  the 
error  has  probably  arisen  from  the  fact  that  Tetens,  although 
professor  at  a  Danish  University,  published  scientific  papers  in 
German,  in  order  to  obtain  a  wider  circulation  for  them. 

Yours  very  truly, 

J.  F.  STEFFENSEX. 

Elders  vej  8, 

Sellerup,  Denmarl-. 

28  Marc/i  1919. 
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At  the  Council  Meeting  held  on  10  December  1918,  the  following- 
Address  to  the  King  was  ordered  to  be  signed  and  sealed  : 

TO   THE   KING'S   MOST  EXCELLENT   MAJESTY. 

Most  Gracious  Sovereign, 

We,  your  Majesty's  dutiful  subjects,  the  President,  Council  and 
Members  of  the  Institute  of  Actuaries,  respectfully  beg  leave  to 
present  to  your  Majesty  our  loyal  congratulations  on  the  success 
achieved  by  youi-  Majestys  Naval,  Military  and  Air  Forces  in  the 
present  "War,  on  the  signing  of  the  Armistice,  and  on  the  prospect 
of  a  Peace  which  will  establish  more  firmly  than  ever  the  authority 
of  the  Empire  in  the  Counsels  of  the  World,  and  the  position  of 
your  Majesty  and  the  Eoyal  House  in  the  aftections  of  the  people. 

We  trust  that  our  special  knowledge  and  experience  may  be 
found  of  use  in  the  work  of  reconstruction,  in  which  we  tire  prepared 
to  assist  your  Majesty's  Government  to  the  utmost  of  our  power. 

We  desire  to  tender  to  your  Majesty  the  assurance  of  our 
heartfelt  loyalty,  and  to  ofier  our  humble  and  grateful  thanks  for 
all  that  your  Majesty  and  our  gracious  Queen  have  done  during  the 
War,  by  personal  effort  and  example,  and  by  never-failing  sympathy 
with  all  classes,  to  maintain  the  courage  and  resolution  of  the  people, 
and  to  promote  that  spirit  of  unity  and  self-sacrifice  which  has  done 
so  much  to  secure  for  your  Majesty's  Forces  the  success  which  has 
at  length  rewarded  their  heroic  efforts  and  devotion  to  dutv. 
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We  fervently  pray  that  your  Majesty  may  long  rule  in  peace  and 
happiness  over  a  prosperous  and  contented  Empire. 

Given  under  the  Common   Seal   of  the  Institute    at 

Staple  Inn  Hall,  this  Tenth  day  of  December,  in  the  , 

year  of  our  Lord,  One  thousand  nine  hundred  and  ',  -L'-S. 
eighteen.  ^^ — ^ 

Geoffrey  Marks,  I'reddeni. 

A.  Levin E,  ] 

,^r    T^  T-i  r  Honorary  becrdanes. 

\\.  Palin  Ef.derton,  J 


The  following  resolution  was  unanimously  passed  at  the  Ordinary 
General  Meeting  of  the  Institute  held  on  16  December  1918  : 

The  Members  of  the  Institute  of  Actuaries   in  General  Meeting 
assembled,  resolve  : 

That  fraternal  greetings  and  congratulations  on  the  conclusion 
of  the  War  be  offered  to  the  Actuarial  Societies  in 
France,  Belgium,  Italy,  and  the  United  States  of  America. 
They  feel  that  the  friendly  relations  which  have  always 
existed  between  the  Members  of  the  Actuarial  profession 
in  the  British  Empire  and  in  the  Allied  countries  have 
been  rendered  even  more  cordial  by  the  common 
sacrifices  made  in  the  great  struggle  for  liberty  and 
justice  now  so  happily  ended.  They  have  every 
confidence  that  the  spirit  of  comradeship  brought  forth 
in  the  recent  struggle  will  endure  and  will  prove  of 
lasting  value  in  the  work  to  be  undertaken  by  the 
Members  of  the  Profession  in  the  coming  days  of 
■Reconstruction. 
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©bituar^. 

Frederick    Lighton    Bristow,    Probationer    of    the    Institute, 
Lance  Corporal,  7th  London  Kegiment. 

Killed  in  Adiov,  20  March  1916. 

John  William  Ewart  Alexander,  Probationer  of  the  Institute, 
2nd  Lieutenant,    10th  Battalion,  Norfolk   Regiment. 
Died  on  Service  14  April  1916. 

Vincent   John   Austin,    Probationer   of   the   Institute,    Private, 
5th  City  of  London  Regiment. 

Killed  in  Action  1  JuJy  1916. 

Raymond    Cole,    Probationer    of    the    Institute,    Private,     16th 
Middlesex  Regiment. 

Killed  in  Action  1  July  1916. 

Thomas    Middleton,    B.A.,    Student   of    the    Institute,    Captain, 
97tli  Brigade,  Highland  Light  Infantry. 

Killed  in  Action  1  /»/?/  1916. 

Charles  Sidney  Shilson,  Probationer  of  the  Institute,  Private, 
5th  City  of  London  Regiment. 

Killed  in  Action  1  Julij  1916. 

Malcolm    Hoavard   Grigg,    Probationer   of    the    Institute,    2nd 
Lieutenant,  26th  Battalion,  Manchester  Regiment. 
Killed  in  Action  9  July  1916. 

Harry  Walter  Brown,   Probationer  of   the   Institute,   Piixate, 
Royal  Naval  Division. 

Died  on  Service  23  January  1917. 

Thomas  Graham  Cunliffe,  Probationer  of  the  Institute,  Private, 
20th  Battalion,  Royal  Fusiliers. 

Killed  in  Action  —  May  1917. 

John   Cromwell   Hurley,   Associate    of    the    Institute,    Lance 
Corporal,  22nd  Battalion,  Australian  Imperial  Force. 
Killed  in  Action  3  May  1917. 

Ralph  George  Gale,  Probationer  of  the  Institute,  2nd  Lieutenant, 
8th  Battalion,  South  Staffordshire  Regiment. 
Killed  in  Action  12  October  1917. 

Wilfred    Bradley,     Probationer     of     the     Institute,    Private, 
HonouraV)le  Artillery  Company. 

Died  of  Wounds  6  November  1917. 


312  Obituary.  [April  1919. 

Cyril  Percy    Maddox,   Probationer   of    the   Institute,    Private, 
16th  County  of  London  Regiment. 

Killed  in  Action  20  November  1917. 

James  Henry  Orr,   Probationer  of   the   Institute,    Captain,    210 
Siege  Battery,  Eoyal  Garrison  Artillery. 

Killed  in  Action  30  Noveinher  1917. 

George  Frederick  Thomas  Ascott,  Probationer  of  the  Institute, 
Private,  London  Rifle  Brigade. 

Killed  in  Action  25  March  1918. 

Frederick    Defries,    Associate    of    the   Institute,    Captain,    5th 
Battalion,  Middlesex  Regiment. 

Killed  in  Action  6  April  1918. 

Henry  Jackson    Mills,    Student  of   the   Institute,    Lieutenant, 
19th  Battalion,  Machine  Gun  Corps. 

Killed  in  Action  30  May  1918. 

Alfred  Richard  Harriss,  Probationer  of  the  Institute,  Private, 
1/I5th  London  Regiment. 

Died  of  Wounds  13  September  1918. 

Charles  George  Gifkins,  Probationer  of  the  Institute,  Gunner, 
139  Heavy  Battery,  Royal  Garrison  Artillery. 
Killed  in  Action  15  October  1918- 

Edward    Albert    Newland,    Student    of    the    Institute,     2nd 
Lieutenant,  24th  Battalion,  Royal  Fusiliers. 
Killed  in  Action  23  October  1918. 

Donald   Arthur  Roberts,   Probationer  of  the  Institute,  Flight 
Lieutenant,  Royal  Air  Force  (attached  H.M.S.  "iron  Duke")- 
Died  on  Service  30  January  1919. 
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Group    Insurance.        By  P.  H.  McCoemack,    A.I. A.,    of    the 
Provident  Mutual  Life  Assurance  Association. 

[Read  before  the  Institute.  28  April  1919.] 

J- HE  President,  in  his  recent  address,  referred  to  the  rapid 
gi'owth  of  group  insurance  in  the  United  States,  and  suggested 
that  the  system  was  well  worth  the  study  of  members  of  the 
actuarial  profession  in  this  countrv.  The  follo\\Tng  notes  may 
possibly  be  useful  as  an  introduction  to  the  subject.  Most  of 
the  facts  have  been  collected  from  contributions  to  American 
jom-nals,  a  list  of  which  is  given  at  the  end  of  the  paper. 

It  has  often  been  reahzed  that  all  the  lives  in  certain 
categories  might  be  insured  in  bulk,  selection  against  the 
insurance  company  being  thereb}'  avoided  without  the  necessity 
for  medical  examination.  An  attempt  to  put  this  principle  into 
practical  operation  has  been  made  by  means  of  a  system  devised 
in  America  under  which  the  employees  of  a  firm  may  be  insm-ed 
by  a  single  poHcy  without  medical  examination.  This  system 
is  laiown  as  gioup  insurance.  Although  there  are  various 
modifications  of  the  plan,  a  group  pohcy  is  generally  renewable 
from  year  to  year  on  a  term  basis,  the  cost  of  the  premiums 
being  borne  by  the  employer.  The  sums  payable  at  death  in 
individual  cases  are  usually  commensm'ate  with  annual  wages. 
The  only  quahfications  necessary  for  insm'ance  under  the  scheme 
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are  active  service  and  membership  of  an  eligible  group  ;  and 
it  is  claimed  that  the  scope  is  so  wide  as  to  include  the  unfit 
and  those  beyond  the  usual  age  limits.  Incidentally,  group 
insurance  also  covers  workers  who,  through  poverty  or 
indifEerence,  fail  to  make  any  personal  provision  for  their 
dependents. 

Although  a  pohcy  bearing  some  resemblance  to  the  present 
system  was  issued  nearly  twenty  years  ago,  it  was  not  until 
July  1912  that  the  first  group  insm-ance  contract  of  note  was 
ejected  in  the  modern  form.  Since  that  date  the  scheme  has 
attained  great  popularity  in  the  United  States,  ha^ang  been 
adopted  by  many  of  the  most  important  employers  of  labom- 
in  the  country,  including  raih'oads,  shipbuilding  companies,  and 
banks.  As  mentioned  by  the  President  in  his  address,  one  firm 
alone  has  insm-ed  its  employees  numbering  half  a  milhon  on  the 
gi-oup  system.  It  is  reasonable,  therefore,  to  suppose  that  the 
method  offers  some  advantages  over  ordinary  or  industrial 
life  insm'ance.  Ordinary  life  insurance,  subject  to  annual,  half 
yearly,  or  quarterly  premiums,  is  of  comse  beyond  the  means 
of  the  majoritv  of  wage-earners,  while  industrial  insurance,  on 
which  the  premiums  are  collected  weekly  at  a  relatively  high 
cost,  is  often  only  sufficient  to  meet  the  fimeral  and  other 
expenses  which  are  incurred  immediately  on  death.  One  of  the 
objects  of  group  insurance  is  to  meet  this  difficulty  by  enabhng 
many  gi-ades  of  wage-earners,  who  could  not  otherwise  be 
adequately  insm-ed,  to  obtain  the  benefit  of  substantial  life 
insurance  protection,  at  least  dming  the  period  of  their 
employment. 

The  Prestciples  of  Group  Insue.^xce. 

The  distinctive  feat  ore  of  group  insurance  is  that  the  unit 
of  insm'ance  is  not  the  single  life  but  a  group  of  fives.  As  the 
group  is  the  unit  of  measm-ement,  the  individual  members  need 
not  all  be  standard  lives,  and  no  medical  examination  is  requii-ed  ; 
for  it  is  only  necessary  to  consider  the  ehgibihty  of  the  gi'oup 
as  a  whole.  If,  however,  a  group  is  to  be  ehgible  for  insm-ance, 
it  obviously  must  not  contain  an  midue  proportion  of  damaged 
fives.  In  order  to  protect  the  insm-ance  company  against  adverse 
selection  in  this  respect,  it  is  essential  that  the  group  should 
exist  for  some  purpose  other  than  that  of  insurance  ;  and. 
moreover,  membership  of  the  group  should  in  itself  be  to  some 
extent  an  index  of  good  health  and  activity.    These  conditions 
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may  be  fulfilled  by  a  group  consisting  of  the  employees  of  one 
firm,  pro\^ded  all  or  substantially  all  are  included.  The 
insurance  mav  sometimes  be  restricted  to  certain  departments, 
or  to  male  employees  only,  and  casual  labourers  are  generally 
excluded.  With  a  view  to  the  prevention  of  adverse  selection 
on  the  part  of  an  entire  group  containing  an  undue  proportion 
of  impaired  hves,  a  minimum  Hmit  of  100  Hves  is  usually  fixed 
in  America  for  group  insurance  without  medical  examination. 
If  the  number  of  Hves  is  less  than  100,  the  gi'oup  is  not  neces- 
sarily inehgible  for  insurance,  but  a  modified  form  of  medical 
examination  would  generally  be  required,  the  degree  of  stringency 
of  the  examination  depending  on  the  size  of  the  group.  In  such 
cases  it  might  of  course  be  necessary  to  exclude  impaired 
lives. 

Another  important  safeguard  against  the  exercise  of  adverse 
selection  by  the  members  of  a  group  is  that  there  should  be 
no  indi^ndual  option  as  to  the  amount  of  insurance.  That  is 
to  say,  the  sum  iasured  must  either  be  a  flat  amount  or  follow 
a  definite  formula. 

Group  insurance  has  sometimes  been  criticized  as  misound 
because  there  is  no  medical  examination  as  a  general  rule.  But 
when  life  insurance  business  was  started,  medical  examination 
was  not  required,  and  schemes  of  insurance  without  examination 
have  been  offered  by  English  companies  in  recent  years.  Medical 
examination  is  only  a  means  to  an  end  ;  but  it  is  not  necessaril}^ 
the  only  means.  Its  object  is  to  maintain  the  standard  of 
mortality  and  prevent  selection  against  the  office.  As  is  well 
known,  the  effect  of  medical  selection  for  aU  practical  purposes 
wears  off  after  a  few  years,  the  select  lives  merging  into  the 
general  body,  which  may  be  regarded  as  a  sample  population. 
The  gi-oup  insurance  system  imder  adequate  safeguards  auto- 
matically gives  sample  populations,  in  which  there  is  no  adverse 
selection.  Such  groups  are  therefore  eligible  for  insurance, 
provided  there  is  no  undue  occupational  hazard.  But  it  is  very 
important  that  no  opportunity  for  adverse  selection  against  the 
insurance  company  should  be  civen  ;  aud  for  this  reason  the 
system  should  not  be  apphed  to  clubs  or  societies  connected 
with  a  particular  trade  or  emplo}Tnent  where  the  membership 
is  voluntary.  An  interesting  example  of  what  seems  to  be  a 
misapphcation  of  the  group  insurance  principle  may  be 
mentioned.  The  Federal  Insurance  Department,  while  apparently 
taking   no   objection   to   group   irsurance,    has   expressed   the 
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opinion  that  the  system  is  not  at  present  legal  in  Canada. 
Certain  Canadian  municipalities,  however,  during  the  war  have 
insured  the  lives  of  soldiers  recruited  for  over-seas  service  \vith 
American  Companies  on  e  group  basis,  the  premiums  being 
paid  by  the  municipalities.  Bodies  of  soldiers,  although  good 
lives  from  a  medical  point  of  viev,',  are  not  suitable  for  gToup 
insurance  owing  to  the  catastrophe  hazard  which  exists  in  any 
particular  regiment  on  active  service.  In  other  words,  the 
risks  are  not  sufficiently  decentralized  to  allow  of  the  operation 
of  the  law  of  average.  In  considering  the  eligibility  of  a  group 
for  insurance,  occupational  hazard  is  an  important  factor. 
The  w^ages-stafi  of  a  brewery  company,  for  example,  would 
hardly  form  a  suitable  risk  for  group  insurance,  except,  possibly, 
in  the  case  of  an  insurance  company  doing  a  very  large  business 
and  having  special  experience  in  dealing  with  hazardous  risks. 
Again,  two  firms  might  carry  on  business  of  a  similar  character, 
but  it  does  not  follow  that  both  wo  aid  be  accepted  for  group 
insurance  on  the  same  basis,  as  the  general  conditions  of 
employment  in  the  two  cases  might  be  altogether  different. 
American  companies,  before  accepting  a  proposal  for  group 
insurance  and  determining  the  scale  of  premiums  to  be  charged, 
usually  make  a  general  inspection  of  the  premises,  similar  to 
that  made  in  connection  with  workmen's  compensation 
insui'ance.  Careful  attention  is  paid  to  such  matters  as  sanitation, 
lighting  and  heating,  fire  and  accident  prevention  devices,  class 
of  workers  employed,  and  conditions  of  labour,  as  well  as  to 
any  special  risks  incidental  to  the  employment.  Companies 
which  transact  workmen's  compensation  business  have  the 
advantage  of  ak'eady  possessing  the  necessary  organization  for 
making  these  inspections. 

The  group  method  may  be  adopted  in  connection  with  any 
kind  of  insurance,  whether  term,  whole  life,  endowment,  or 
annuity,  and  policies  on  all  these  plans  have  been  issued ;  but 
group  insurance,  as  it  exists  in  America  at  the  present  time, 
is  practically  restricted  to  a  modified  form  of  term  insurance,, 
under  which  the  employer  pays  the  whole  of  the  premium.  As 
a  general  rule,  each  employee  is  insured,  so  long  as  he  remains 
in  the  ser\dce  of  his  employer,  for  one,  two,  or  three  years'  salary, 
with  say  a  minimum  of  $500  and  a  maximum  of  $3,000,  which 
may  in  some  cases  be  increased,  subject  to  medical  examination. 
Occasionally  the  insurance  is  for  a  flat  amount,  which  may  or 
may    not    increase    with    length   of    service.     Sometimes  past 
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service  is  al?so  taken  into  sccomit.  A  group  insurance  policy 
does  not  necessarily  cover  employees  who  remain  in  the  firm's 
service  after  having  passed  the  general  age  for  retirement  l 
but  the  system  is  very  elastic,  and  members  who  are  above  the 
usual  ages  for  ordinary  life  insurance  are  often  included.  New 
employees  are  admitted  to  the  scheme,  though  there  is  usually 
a  probationary  period  of  three  to  twelve  months'  active  and 
continuous  employment,  which  is  considered  sufficient  to  protect 
the  insurance  company  against  errors  of  judgment  on  the  part 
of  the  employer  in  engaging  unfit  workers.  This  regulation  also 
excludes  casual  employees  who  only  remain  with  the  firm  for 
a  short  time.  Unless  precautions  are  taken,  there  is  a  risk  of 
bad  lives  exercising  adverse  selection  by  obtaining  employment 
with  a  firm  which  has  adopted  the  group  insurance  system. 
Some  companies,  therefore,  reserve  the  right  to  require  medical 
examination  of  new  entrants  to  existing  groups,  but  may  be 
prepared  to  waive  this  right  if  they  are  satisfied  that  the  methods 
adopted  by  the  firm  in  selecting  new  employees  are  sufficiently 
stringent. 

As  the  insurance  is  on  a  j^early  renewable  term  basis,  the 
premium  in  indi\'idual  cases  naturally  increases  from  year  to 
year.  But  this  is  not  necessarily  a  disadvantage,  as  the  employer 
has  only  to  consider  the  total  premium  payable,  which  in  an 
average  group  remains  fairly  constant,  owing  to  the  fact  that 
the  increased  cost  of  insuring  continuing  members  of  the  stafi 
is  more  or  less  counterbalanced  by  the  lower  cost  of  the  young 
lives  who  replace  retiring  members.  In  a  progressive  business 
the  average  premium  may  decrease  for  some  years. 

The  payment  of  premiums  by  the  employer  avoids  the  main 
danger  of  assessmentism,  which  arises  from  the  free  choice 
possessed  by  individual  members  as  to  whether  they  will  remain 
in  the  society  or  not  and  the  assumption  that  a  sufficient  influx 
of  new  lives  will  be  maintained.  When  the  supply  fails,  the 
premium  charges  rapidly  increase,  with  the  result  that  the 
good  lives  withdraw  and  the  company  becomes  insolvent.  Under 
the  group  system,  however,  this  opportunity  for  indi^adual 
selection  does  not  exist,  as  the  insurance  nmst  either  continue 
as  a  whole  or  lapse  as  a  whole.  But  the  financial  position  of  the 
employer  is  a  factor  which  may  affect  both  the  insurance  company 
and  the  employees  ;  for  in  the  event  of  the  firm  tending  towards 
insolvency  the  first  lives  to  leave  its  ser\dce  would  in  the  ordinary 
course  be  the  young  and  healthy.     The  loss  of  the  young  lives 
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would  not  necessarily  have  any  serious  effect  on  the  insui'ance 
company,  as  the  pohcy  would  lapse  unless  the  firm  were  able 
to  meet  the  increased  premium  charge.  If,  however,  owdng  to 
the  withdrawal  of  healthy  members,  the  fii'm  were  left  with  an 
excessive  proportion  of  impaired  lives,  the  group  would  no 
longer  be  ehgible  for  insurance,  although  there  might  be  no 
direct  selection  against  the  office.  But  as  it  is  the  practice  of 
most  American  companies  to  guarantee  the  renewal  of  group 
policies  for  a  term  of  years  varying  from  five  to  twenty  on  the 
original  premimn  basis,  it  is  possible  that  the  insurance  company 
might  be  compelled  to  renew  the  policy,  in  which  case  it  would 
probably  incur  a  loss  on  the  particular  gi'oup  until  the  expiry 
of  the  guaranteed  term  or  until  the  fir'm  in  financial  difficulties 
could  no  longer  pay  the  premium.  As,  however,  the  unit  of 
insurance  under  this  system  is  the  group,  and  not  the  individual 
life,  any  loss  on  one  group  would  be  averaged  with  the  profit 
and  loss  on  others  ;  for  it  is  not  contemplated  that  every  group 
must  necessarily  show  a  profit.  Moreover,  insolvency,  or  a 
tendency  thereto,  would  be  unlikely  to  occur  in  more  than  a 
small  proportion  of  the  insured  firms,  and  the  special  circum- 
stances mentioned  would  therefore  seldom  arise.  But  this 
possibihty  should  serve  as  a  warning  against  undue  latitude  in 
granting  the  option  of  renewal  for  a  long  term,  especially  in  the 
case  of  companies  whose  group  insui'ance  business  is  on  a  small 
scale.  The  term  for  which  rates  are  guaranteed  has  become  a 
competitive  feature  with  some  American  companies,  but  this  is 
evidently  an  unfortunate  development. 

Policy  Conditions. 

Group  insurance  contracts  are  issued  in  the  form  of  a  single 
"  blanli;et  "  policy,  granted  to  the  employer  for  the  benefit  of 
his  staff  and  covering  all  members  included  in  the  scheme. 
The  insurance  is  usually  restricted  at  the  outset  to  members 
who  are  in  active  employment.  The  employees  are  not  named 
individually  in  the  poHcy,  but  the  necessary  particulars  of  the 
insured  and  their  beneficiaries,  with  the  amount  of  insurance 
in  each  case,  are  recorded  in  a  subsidiary  schedule,  card  index, 
or  book.  Each  employee  receives  a  certificate,  supplied  by  the 
insurance  company,  stating  the  terms  and  conditions  of  the 
scheme,  the  simi  insured  and  other  indi\ddual  details  being 
filled  in  by  the  employer. 

Under  the  renewable  term  plan  the  policy  is  usually  eftected 
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for  twelve  months,  but  may  be  renewed  from  year  to  year,  like 
a  Avorkmen's  compensation  policy.  As  already  mentioned,  an 
option  is  often  given  to  the  employer  to  continue  the  insurance 
for  a  term  of  years  on  the  same  premiimi  scale  as  that  adopted 
at  the  outset  and  scheduled  in  the  pohcy.  Occasionally  the 
contract  is  binding  on  both  sides  for  a  hmited  period. 

Employees  remain  insured  so  long  as  they  continue  in  the 
active  service  of  the  firm  ;  but  absence  for  a  hmited  time, 
whether  due  to  sickness  or  not,  does  not  invahdate  the  insurance. 
Sometimes,  however,  this  privilege  is  conditional  on  payment 
by  the  employer  of  the  whole  or  part  salary  during  the  period 
of  absence.  An  employee  lea\ang  the  servdce  during  the  currency 
of  a  group  poUcy  is  usually  given  the  option  within  thirty-one 
days  of  effecting  a  whole  life  or  endowment  insurance  without 
medical  examination,  for  an  amount  not  exceeding  that  for 
which  he  was  insured  under  the  gTOup  policy,  at  the  ordinary 
tabular  premium  corresponding  to  his  attained  age.  In  a 
sub.sequent  section  of  the  paper  this  option  is  discussed  from 
the  point  of  view  of  the  insurance  company.  The  provision  is 
compulsory  in  some  states  for  all  group  insurance  poHcies,  the 
main  object  being,  no  doubt,  to  safeguard  the  employee  against 
losing  the  benefit  of  his  insui'ance  when  it  is  most  needed,  as  he 
would  do  on  a  strictly  term  basis  in  the  event  of  prolonged  ill- 
health.  In  connection  with  state  laws  relating  to  gi'oup  insurance, 
it  is  interesting  to  note  that  in  New  York  group  poHcies  covering 
at  least  100  fives  are  excluded  from  the  limitation  on  new 
business  which  was  imposed  some  years  ago. 

If  the  sima  insured  varies  according  to  remuneration,  the 
amount  is  increased,  subject  to  a  maximum,  whenever  an 
advance  in  wages  takes  place.  Alterations  in  the  amounts  of 
instance  and  the  inclusion  under  the  scheme  of  ehgible  new 
employees  may  be  automatic  or  may  take  effect  upon  notice 
by  the  employer  to  the  company.  Group  insurance  policies  are 
free  from  restrictions  regarding  occupation  and  travel,  but  war 
risks  and  those  resulting  from  riots  or  civil  commotion  would 
probably  be  excluded.  There  is  no  suicide  clause,  since  moral 
hazard  is  assumed  to  be  ehminated  by  the  methods  of  group 
selection.  In  the  event  of  understatement  of  age,  the  claim  is 
usually  settled  in  full,  and  the  premium  payment  adjusted 
accordingly. 

The  business  is  generally  conducted  on  a  non-profit  basis  ; 
but  some  companies,  charging  higher  premium  rates,  grant  a 
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dividend  or  refund  of  a  proportion  of  the  profits  each  year. 
For  this  purpose  the  insured  groups  are  arranged  in  a  few  classes 
according  to  the  degree  of  occupational  hazard  involved,  and, 
the  profits  for  each  class  ha\'ing  been  ascertained,  separate 
rates  of  dividend  are  declared.  The  method  is  of  course  a  httle 
more  comphcated  than  the  ordinary  system,  but  it  possesses 
the  following  advantages  : 

1.  It  avoids  any  necessity  for  refinement  in  premium  rating 

of  various  risks  ; 

2.  It   provides   a    premium   margin   to    meet   over-average 

mortality  ; 

3.  It  prevents  dissatisfaction  which  might  arise  under  the 

non-profit  system  if  the  premium  payments  largely 
exceeded  the  claims  ; 

4.  It  minimizes  the  risk  of  loss  thi'ough  the  guarantee  of  the 

original  premium  scale  for  a  term  of  3'ears. 

Peemium  Basis. 

The  basis  adopted  for  group  insurance  premiums  in  the 
early  days  of  the  business  was  the  American  Experience  Table 
with  interest  at  3|  per-cent.  This  method,  however,  gives 
excessively  high  premiums  at  low  ages,  and  the  rates  now 
charged  for  young  lives  are  often  smaller  than  the  net  premiums, 
although  at  the  older  ages  increasing  loadings  are  necessary. 
Since  the  American  3|  per-cent  forms  the  legal  standard  of 
valuation,  companies  charging  lower  rates  than  the  net  premiums 
according  to  this  table  are  required  in  some  states  to  maintain 
a  "  deficiency  reserve  "  equal  to  the  commuted  value  of  the 
amount  by  which  the  premium  charged  falls  short  of  the  statutory 
net  premium.  The  following  specimen  rates  of  premimn  charged 
by  one  American  company  for  five  classes  of  group  insurance 


Bates  per  1,000. 


American 

English 

Insurance 
Com- 

Age 

3h7o 
Net 
Kiites 

0M,5| 
q.r  X  1,000 

No.  5 

(Males) 

qx  X  1,000 

missioners' 
Table 
(Males) 

5j;  X  1,000 

(1) 

(2) 

(3) 

(■i) 

(5) 

25 

7-7£> 

6-89 

6-36 

4-15 

6-01 

6-26 

6-76 

7-51 

8-51 

35 

8-65 

8-37 

10-19 

6-44 

6-41 

6-66 

7-16 

7-91 

8-91 

45 

10-79 

12-00 

15-63 

11-20 

9-17 

9-42 

9-92 

10-67 

11-67 

55 

17-94 

20-83 

26  02 

21-87 

18-87 

1912 

19-62 

20-37 

21-37 

65 

38-77 

42-21 

50-57 

46-48 

45-88 

4613 

46-63 

.47-38 

48-38 
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risks  are  taken  from  a  paper  read  by  Mr.  H.  Pierson  Hammond 
at  a  meeting  of  the  National  Convention  of  Insm-ance  Com- 
missioners at  St.  Paul  in  August  1917.  The  American  Experience 
3|  per-cent  net  one  year  term  rates  and  the  values  of  qx  accord- 
ing to  the  0'^^^)  Table  and  the  English  Life  No.  5  and  National 
Insurance  Commissioners'  Tables  (]\Iales)  are  added  for 
comparison. 

As  indicated  by  the  above  scales,  a  hmited  degree  of  extra 
risk  arising  from  occupational  hazard  may  sometimes  be  covered 
by  uniform  additions  to  the  premiums  ;  but  considerable  refine- 
ment in  rating,  such  as  occurs  in  Avorkmen's  compensation 
business,  is  not  usually  attempted  in  group  insurance.  Occasion- 
ally, however,  an  eligible  risk  may  be  offered  for  which  special 
rates  may  have  to  be  debased.  Although  the  indi^ddual  members 
may  not  all  be  exposed  to  the  same  occupational  hazard,  any 
extra  premiimi  required  is  applied  to  the  whole  group  as  the 
unit  of  insui'ance.  Since  the  premiums  are  paid  b}^  the  employer, 
no  hardship  is  caused  by  this  method. 

When  a  proposal  for  group  insurance  is  received  and  the 
premium  basis  agreed  upon,  the  insurance  company  must  be 
supplied  with  a  census  of  employees,  including  details  of  the 
remuneration  at  each  age,  in  order  that  the  exact  amount  of 
initial  premium  may  be  calculated.  As,  however,  the  preparation 
of  this  statement  may  involve  some  delay,  the  risk  is  often 
accepted  on  payment  by  the  employer  of  a  provisional  premium 
of  from  one  to  one-and-a-half  per-cent  of  the  total  annual 
wages.  An  adjustment  will  probably  be  necessary  when  full 
information  is  available,  but  in  an  average  group  the  required 
premium  usually  hes  mthin  the  limits  mentioned.  Further 
adjustments  in  the  premium,  consequent  upon  staff  changes, 
frequently  take  effect  at  monthly  intervals,  although  the  actual 
cash  settlement  may  only  be  made  once  a  year.  But  sometimes 
the  premiums  are  paid  monthly,  in  which  case  the  rates  ma}'  be 
true  monthly  premiums. 

Since  the  sum  insured  is  usually  a  function  of  the  annual 
wages,  an  alternative  method  of  rating,  analogous  to  that 
adopted  in  workmen's  compensation  business,  would  be  to  fix 
the  premium  as  a  percentage  of  the  payroll,  with  a  modification 
in  respect  of  maximum  and  minimum  limits  of  insurance.  In 
determining  this  percentage,  the  general  age  distribution  of 
the  employees  would  of  course  be  taken  into  account,  although 
a  fresh  calculation  every  year  based  on  the  exact  amount  insm-ed 
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at  each  age  would  not  be  required,  as  in  the  case  of  the  usual 
method  of  computing  the  premium.  But  a  census  of  the  staii 
would  be  necessary  at  the  outset,  and  also  at  intervals  during 
the  currency  of  the  policy  in  order  that  the  percentage  might 
be  altered  in  the  event  of  an  appreciable  change  in  age  distri- 
bution. It  is  therefore  doubtful  whether  the  alternative  method 
would  on  the  whole  be  simpler  than  the  usual  plan  ;  and, 
moreover,  it  would  represent  a  considerable  departure  from  the 
established  principles  of  life  insurance  practice. 

In  May  last  two  American  actuaries,  Messrs.  Cammack  and 
Morris,  published  an  investigation  of  the  joint  mortahty 
experience  during  the  years  1913  to  1917  of  the  Aetna  and 
Travelers  Insurance  Companies  in  respect  of  group  insm'ance 
policies.  An  interesting  feature  of  the  experience  is  the  stability 
of  the  business  ;  for  out  of  949  policies  issued  in  the  five  years 
there  were  no  more  than  30  terminations,  and  of  these  only 
21  were  cases  of  actual  discontinuance  of  insui'ance.  There 
were  in  all  310,911  j^ears  of  exposure  and  2,434  deaths,  the 
corresponding  amount  exposed  being  $222,026,715  and  the 
amount  terminated  by  death  S2, 137,700.  High  mortality  was 
experienced  in  the  case  of  electric  and  street  railroads,  under- 
ground and  elevated  railways,  electric  light  and  power  com- 
panies, steel  foundries,  and  leather  industries,  the  mortahty  in 
tanneries  being  especially  unfavourable.  On  the  other  hand, 
the  furniture,  woodworking,  and  textile  trades  showed  favourable 
mortality,  probably  due  to  a  relatively  small  proportion  of  fatal 
accidents.  The  results  confirm  the  view  that  there  is  a  minimum 
degree  of  selection  against  the  office  when  the  whole  premium 
is  paid  by  the  employer  and  all  employees  are  covered.  Some 
years  ago  group  insurance  pohcies  were  issued  to  mutual  aid 
associations  of  police  forces,  railroad  employees,  «fec.,  but  these 
show  heavy  selection  against  the  insurance  companies. 

The  experience  was  compiled  on  a  calendar  year  basis,  the 
exposure  in  year  "  0  "  comprising  the  fractional  year's  exposure 
in  the  year  in  which  a  policy  was  issued.  The  mortahty  in  policy 
year  "0  "  is  very  light,  but  it  afterwards  increases  considerably, 
although  no  regular  progression  is  shown.  This  increase  in  the 
rate  of  mortahty  is,  no  doubt,  largely  a  result  of  the 
continued  insurance  of  members  who  are  no  longer  actively 
employed.  Excluding  the  experience  in  extra-hazardous 
occupations,  the  actual  deaths  in  policy  years  one  to  four  for 
all  ages  combined  were  88  per-cent  by  numbers  and  90  per-cent 


1919.]  Grouii  Insurance.  323 

by  amounts  of  the  expected  according  to  the  Medico-Actuarial 
Table.  The  experience  is  very  favourable  at  the  younger  and 
older  ages,  but  between  40  and  65  the  mortality  exceeds  the 
expected.  The  authors  suggest  that  this  is  partly  due  to  a  strong- 
tendency  of  middle-aged  employees  to  understate  their  ages. 
The  rates  charged  should  therefore  be  sufficiently  high  to  cover 
these  mis-statements.  The  expected  deaths  were  also  calculated 
by  the  American  Table,  but  this  represents  the  experience  still 
less  closely  than  the  Medico- Actuarial  Table.  The  latter  table 
is  evidently  more  suitable  than  the  American  Experience  as 
a  basis  of  group  insurance  premiums,  and  some  companies  have 
adopted  it  for  that  purpose. 

Although  the  Aetna  and  Travelers  experience  is  immature 
and  not  of  great  volume,  it  is  useful  as  a  measure  of  mortality 
during  the  early  years  of  group  insurance.  But  future  mortality 
may  be  appreciably  affected  by  changes  in  labour"  tm'nover 
and  b}^  an  increased  exercise  of  the  option  given  to  employees 
of  continuing  their  insurance  on  a  permanent  basis  after  leaving 
serv-ice.  An  early  experience  should  therefore  be  used  with 
caution  as  a  criterion  of  rates  to  be  charged  in  the  future  ;  for 
considerable  loss  might  result  from  any  general  cutting-down 
of  premiums. 

Social  Aspects  of  Group  Insurance. 

The  principal  contingencies  which  may  arise  during  employ- 
ment, and  against  which  it  is  possible  to  make  provision,  are 
death  from  accident,  disablement,  premature  death  from  natural 
causes,  sickness,  and  loss  of  earning  capacity  through  old  age. 
Statutory  compensation  is  awarded  to  an  employee  or  his 
dependents  in  the  event  of  disablement  or  death  by  accident 
in  the  course  of  his  employment,  though  there  is  no  legal  hability 
in  respect  of  the  other  contingencies  mentioned.  Group  life 
insurance  represents  a  development  of  the  principle  underlying 
workmen's  compensation  insurance,  since  it  enables  an  employer 
to  provide  for  the  moral  responsibility  arising  in  cases  of 
premature  death  among  members  of  his  staff.  In  combination 
\vith  a  pension  scheme,  the  system  affords  to  employees  a 
considerable  extension  of  the  compensation  benefits  secured  by 
law.  In  some  cases  it  takes  a  more  comprehensive  form  than  a 
mere  term  insurance,  although  the  latter  is  the  usual  plan.  For 
instance,  a  group  insurance  policy  effected  by  a  New  York 
bank  included  the  follo\\dng  benefits  : 
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(a)  Insurance  of  one  year's  salary  in  the  event  of  premature 
death  ; 

(6)  In  cases  of  total  disablement  from  any  cause,  100  per-cent 
of  salary  to  be  payable  for  the  first  month,  80  per-cent 
for  the  succeeding  eleven  months,  and  60  per-cent 
thereafter  during  continued  disablement ; 

(c)  A  pension  commencing  at  age  Go  of  an  amount  equal  to 
2  per-cent  of  the  aggregate  salar}'  received  during 
continuous  service  with  the  bank. 

Such  policies  are  rare,  but  they  may  perhaps  foreshadow  a 
future  development  of  the  system  which  will  increase  its  import- 
ance as  a  social  factor. 

One  of  the  advantages  claimed  for  group  insurance  is  that 
it  tends  to  create  harmony  between  the  employer  and  employed, 
and  any  system  which  improves  the  relations  between  capital 
and  labom-  has  a  special  value  at  the  present  time.  But  this 
advantage  cannot  be  secured  unless  the  whole  premium  is  paid 
by  the  employer  ;  for  if  a  part  of  the  premium  has  to  be  contri- 
buted by  the  employees,  the  rule  must  apply  to  those  members 
who  are  not  in  favour  of  the  scheme  equally  with  those  who 
approve  of  it,  since  it  would  be  contrary  to  the  principles  of 
group  selection  to  allow  any  individual  option.  The  difficulty 
would  therefore  not  be  avoided  by  making  the  adoption  of  the 
scheme  conditional  on  the  consent  of  a  majority  of  the  employees. 
The  term  insurance  method  is  particularly  imsuitable  for  a 
contribution  system  on  account  of  the  increase  in  the  premium 
as  the  age  advances  and  the  temporary  natm-e  of  the  insurance 
benefit,  which  is  not  altogether  overcome  by  the  option  some- 
times given  of  taking  up  an  ordinary  policy  on  leaving  service. 
The  automatic  termination  of  the  insurance  at  the  retiring  age 
would  naturally  cause  great  discontent  on  the  part  of  an  employee 
vv^ho  had  paid  contributions  during  the  A^hole  of  his  working 
life.  If,  however,  the  entire  premiums  are  paid  by  the  employer, 
this  grievance  does  not  arise,  especially  if  a  pension  begins 
when  the  insm-ance  lapses.  Although  it  is  possible  to  prox-ide 
for  the  pension  as  well  as  the  insurance  by  adopting  the  group 
system  on  an  endowment  insurance  basis,  the  cost  of  such  an 
arrangement  would  generally  be  prohibitive,  especially  in  the 
case  of  fii'ms  with  a  high  labour  tmnover.  The  term  insurance 
basis  gives  the  necessary  cover  at  a  minimum  cost  to  the  employer, 
and  no  question  arises  as  to  surrender  values  in  the  case  of 
employees  who  leave  the  firm. 
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In  the  opinion  of  many  important  American  employers, 
group  insurance  tends  to  prevent  workers  from  drifting  away 
through  mere  imi'est  ;  for,  in  the  absence  of  a  substantial  reason 
for  lea^nng.  an  employee  would  probably  hesitate  before  giving 
up  his  insurance  by  joining  a  firm  which  did  not  adopt  the 
system.  If,  therefore,  group  insurance  reduces  the  labour 
turnover,  it  may  save  considerable  expenses  to  the  employer,  as 
the  cost  of  selecting  and  training  new  employees  is  often  very 
high.  No  corresponding  advantage  would  result  from  a  small 
increase  in  wages  equivalent  to  the  group  insurance  premium. 

Group  insurance  is  economical  in  practice,  the  expenses  of 
management  being  lower  than  in  ordinary  fife  business  for  the 
following  reasons  : 

1 .  No  medical  fees  are  paid  ; 

2.  Indindual  sohcitation  is  avoided,  and  the  cost  of  new 

business  thereby  reduced  ; 

3.  The  commission  payable  to  agents  is  on  a  lower  scale  than 

in  the  case  of  ordinary  policies.    Much  of  the  business 
is  obtained  direct  ; 

4.  The  issue  of  a  single  policy  to  cover  a  group  of  hves  saves 

clerical  labom-.    In  the  book-keeping  system,  the  figures 

for  each  group  are  carried  forward  from  year  to  year 

in  toto,  the  adjustments  resulting  from  staff  changes 

being  kept  up  to  date  by  a  continuous  method. 

Some  of  the  large  firms  which  have  effected  group  insurance 

poHcies  with  American  companies  could,  of  course,  undertake 

their  own  insur-ances.     There  are,  however,  two  difficulties  in 

this.    In  the  first  place,  it  would  probably  be  necessary  to  set 

up  a  specially  organized  insurance  department  ;    and,  in  the 

second  place,  if  any  dispute  arose  in  connection  with  a  claim, 

it  might  be  made  an  occasion  of  discontent  among  the  employees, 

whereas  if  the  matter  were  in  the  hands  of  an  independent 

insurance  company  the  fii-m  could  not  be  held  responsible  for 

the  decision. 

IxsuEA^s'CE  OF  British  Wage-earxers. 

Insurance  provision  on  a  small  scale  is  already  made  bv  a 
considerable  proportion  of  the  wage-earners  of  this  country  by 
means  of  industrial  pohcies.  Although  the  individual  amounts 
are  low,  the  aggregate  volume  of  business  transacted  is  very 
large,  total  funds  of  nearly  sixty-five  millions  sterHng  ha^dng 
been  held  by  British  companies  in  respect  of  these  policies  on 
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31  December  1916.  But  the  industrial  system,  while  serving 
a  useful  purpose  in  placing  the  benefits  of  hfe  insurance  wdthin 
easy  reach  of  the  Avorldng-class  population,  unfortunately 
involves  an  economic  waste  on  account  of  the  heavy  cost  of 
making  the  weekly  collections  from  door  to  door,  which  are 
an  essential  feature  of  the  system.  The  result  is  that  the  premiums 
payable  by  industrial  pohcy-holders  are  considerably  higher  in 
proportion  to  the  sum  insured  than  those  payable  by  ordinary 
policyholders,  and  it  is  therefore  very  difficult  for  the  majority 
of  wage-earners  to  make  adequate  pro^^sion  against  death 
and  old  age. 

Attempts  have  sometimes  been  made  by  associations  of 
employees  to  dispense  with  industrial  policies  by  grafting  life 
insurance  benefits  on  existing  pension  funds,  generally  without 
any  actuarial  advice  ;  but  as  the  rates  of  contribution  are 
rarely  adequate,  this  plan  in  most  cases  leads  to  insolvency. 

In  view  of  these  difficulties,  it  has  often  been  predicted  that 
group  insurance  would  be  widely  adopted  in  England  after  the 
war  ;  but  although  the  business  has  already  been  conunenced, 
it  seems  very  doubtful  whether  it  will  ever  become  general  in 
this  country.  Enghsh  firms,  when  adopting  a  scheme  of  staff 
life  insurance,  frequently  stipulate  that  their  own  contribution 
shall  be  conditional  upon  the  payment  of  an  equal  amount  by 
the  employees  included  in  the  scheme  ;  but,  for  reasons  already 
stated,  the  group  insurance  system  in  its  usual  form  does  not 
lend  itself  to  this  arrangement.  It  would,  of  course,  be  possible 
for  the  firm  to  defray  the  whole  cost  of  insuring  the  staff  on 
the  short  term  plan,  and  to  collect  a  contribution  from  them 
to  be  applied  in  purchasing  a  more  permanent  form  of  insm'ance, 
such  as  a  whole  life  policy  with  premiums  ceasing  at  the  retiring 
age.  But  the  difficulty  would  be  to  fix  the  amount  of  the 
member's  contribution,  having  regard  to  the  fact  that  in 
individual  cases  the  firm's  contribution  increases  every  year. 
The  principle  of  equal  contributions  would  obviously  have  to 
be  abandoned,  as  it  would  not  be  practicable  to  increase  an 
employee's  contribution  so  long  as  his  salary  remained  the 
same.  If  the  firm's  contributions,  as  "well  as  those  paid  by  the 
employees,  were  used  to  purchase  limited  payment  whole  life 
pohcies,  one  of  the  chief  objects  of  group  insurance  would  be 
defeated,  because  the  wage-earners  would  no  longer  obtain 
the  substantial  hfe  insurance  protection  which  is  possible  under 
the  term  system  at  a  relatively  low  cost. 


1919.]  Group  Insurance.  327 

The  privilege  granted  to  employees  of  effecting  an  ordinary 
policy  without  medical  examination  places  group  insurance  on 
a  convertible  term  basis,  but  only  in  a  restricted  sense,  as  the 
option  is  hmited  to  employees  who  leave  the  service.  In  the 
exercise  of  the  option  a  maximum  degree  of  selection  against 
the  office  may  be  expected,  as  in  the  majority  of  cases  it  is 
unhkely  that  a  healthy  man  taking  up  employment  with  another 
fii'm  would  wish  to  avail  himself  of  the  option,  even  if  he  had 
the  means  to  do  so.  As  group  insurance  is  still  in  an  early  stage, 
it  is  probable  that  the  full  effect  of  this  selection  has  not  yet 
been  felt  ;  but  the  whole  question  of  the  option  is  evidently 
one  of  the  most  important  points  arising  in  connection  with  the 
business.  The  concession  has  been  justified  on  the  folloA^dng 
grounds  : 

1.  The  group  insurance  premiums  may  be  specially  loaded 

to  allow  for  the  oj^tion  ; 

2.  The  permanent  premium  payable  is  the  full  tabular  rate, 

medical  fee  and  commission  being  saved  ; 

3.  In  a  large  number  of  cases  the  cost  of  an  ordinary  poHcy 

is  prohibitive,  and  the  option  is  therefore  not  exercised. 
But  unless  the  possibiUty  of  a  considerable  degree  of  adverse 
selection  is  taken  into  account,  it  would  seem  unwise  to  grant 
the  option.  An  alternative  plan,  limiting  the  company's  liabihty 
in  this  respect,  would  be  to  issue  the  group  insurance  policy  on 
a  two-year  term  basis  instead  of  on  a  one-year  term  basis,  no 
permanent  policy  being  offered  on  lea\ang  sernce.  Under  the 
one-year  plan  it  might  be  necessary  to  exclude  from  the  next 
year's  insurance  a  member  who  happened  to  be  ill  at  the  end 
of  the  first  or  any  subsequent  year  :  a  condition  which  would 
sometimes  cause  great  hardship.  The  two-year  plan  obviates 
this  difficulty  to  a  considerable  degree,  and  the  cost  is  only 
sUghtly  more  than  under  the  one-year  plan.  In  order  to  obtain 
the  full  benefit  of  the  option  of  renewal  contained  in  the  two- 
year  plan,  this  option  would  only  be  exercised  in  the  case  of 
members  whose  state  of  health'  rendered  them  inehgible  to 
continue  the  insurance  on  a  two-year  basis.  The  method  would, 
of  course,  be  inadequate  in  the  event  of  prolonged  ill-health. 

Messrs.  Burn  and  Symmons,  in  referring  to  the  group  system 
{J. I. A.,  vol.  xhx,  pp.  231-232),  suggested  that  it  would  be 
illegal  in  this  country  to  issue  a  life  insurance  poHcy  which 
did  not  contain  the  names  of  the  insured,  and  moreover  that 
legal  difficulties  might  arise  with   regard   to  insurable  interest, 


328  Group  Insurance.  [Oct. 

although  the  employer  obtained  no  dii'ect  benefit  under  the 
poUcy.  Possibly,  however,  these  difficulties  might  be  overcome 
by  issuing  the  contract  on  an  indemnity  basis,  and  not  as  a 
poHcy  of  life  insurance. 

Group  insurance  is  not  intended  to  take  the  place  of  ordinary 
life  insurance,  but  only  to  supplement  it  by  making  provision 
against  premature  death .  It  is  said  that  the  adoption  of  a  gi'oup 
scheme  has  often  resulted  in  a  greater  appreciation  of  the  value 
of  hfe  insurance  in  general,  and  has  thereby  assisted  ordinary 
business.  But  it  is  conceivable  that  temporary  insurance  under 
a  gi'oup  system  might  sometimes  be  rehed  upon  in  cases  where 
a  more  complete  life  poUcy  would  otherwise  be  effected. 

Although  group  insurance  possesses  several  advantages,  it 
seeuLS  to  leave  many  of  the  problems  connected  with  the  insurance 
of  wage-earners  to  a  large  extent  unsolved. 


The  follov\ing  is  a  list  ol  some  of  the  principal  papers  on 
the  subject  : 

Group  Insurance. — By  Y.  R.  Smith.  {Proceedings  of  the 
Insurance  Institute  of  Toronto,  1913-1914). 

Group  Ixsuraxce. — By  W.  J.  Graham.  {Transactions  of  the 
Actuarial  Society  of  America.  October  1916). 

Group  Insurance. — By  R.  B.  Trousdale.  {Annals  of  the 
American  Academy  of  Political  and  Social  Science,  March 
1917). 

CJroup  Life  Insurance  and  its  Possible  Development. — 
By  E.  B.  Morris.  {Proceeding) s  of  the  Casualty  Actuarial 
and  Statistical  Society  of  America,  April  1917). 

Life  Insurance  in  Groups  (1912-1917). — By  H.  Pierson 
Hammond.  (National  Convention  of  Insm-ance  Com- 
missioners, St.  Paul,  August  1917). 

Joint  Mortality  Experience  of  the  Aetna  Life  and 
Travelers  Insurance  CoiIPAN^ES  ox  Group  Policies. — 
By  E.  E.  Cammack  and  E.  B.  Morris.  {Transactions  of 
the  Actuarial  Society  of  America,  May  1918). 


Abstract  of  the  Discussion. 


Me.  F.  p.  SY^IMOXS  congratulated  the  author  on  the  clear 
and  logical  wav  in  which  he  had  dealt  with  a  form  of  assurance 


1919.]  Group  Insurance.  329 

that  miglit  bulk  very  largely  in  the  public  eye  in  the  near  future. 
Before  the  war  pension  and  sickness  funds  and  benefit  funds  of  a 
similar  nature  were  on  the  increase.  The  labour  position  since  the 
war  tended  to  accelerate  that  increase,  and  he  hoped  that  benefit 
funds  would  help  in  the  solution  of  the  difficult  problems  ^vith 
which  they  were  faced.  It  was  e\-ident  that  group  insurance  could 
be  granted  at  what  were  apparently  cheap  rates.  The  cost  of 
collection  was  negligible,  and  expenses  of  administration  were  com- 
paratively small.  Adverse  selection  was  a  matter  which  depended 
on  the  care  mth  which  the  groups  were  selected,  and  the  bond  fides 
of  the  employer.  In  addition,  group  insurance  was  said  to  form  a 
valuable  means  of  introducing  other  business  to  the  companies,  and 
Mr.  Day,  President  of  the  Equitable  Life  Assurance  Society  of 
the  United  States,  in  an  address  delivered  in  December  1913, 
remarked  that  group  insurance  was  a  supplement  to,  rather  than  a 
substitute  for,  other  forms  of  insurance,  and  it  operated  not  to  replace 
but  to  create  a  demand  for  indi^■idual  assurance.  As  to  how  far  these 
anticipations  had  been  or  would  be  fulfilled,  there  was  no  evidence. 
From  the  employer's  point  of  view,  it  was  urged  that  the  scheme 
operated  as  an  inducement  to  workers  to  remain  with  one  firm 
rather  than  to  sacrifice  the  benefits  of  the  assurance  by  transferring 
their  ser\"ices  elsewhere.  If,  however,  the  practice  of  group  insurance 
became  to  any  extent  widespread,  the  value  of  this_  advantage  to 
employers  must  considerably  decrease,  for  if  all  employers  adopted 
schemes  of  this  sort  no  sacrifice  would  be  involved  in  changing  from 
one  firm  to  another.  The  cost  to  the  employer,  however,  was  incon- 
siderable, amounting,  roughly,  to  1  per-cent  of  the  pay  roll,  taking, 
for  example,  the  case  where  one  year's  salary  was  assured.  With 
the  average  pension  fund  the  minimum  contribution  might  be  taken 
as  5  per-cent,  and  frequently  6,  7  or  8  per-cent  was  paid.  From  the 
employee's  point  of  view,  he  thought  it  fair  to  say  he  received 
cover  which  was  limited  to  the  period  that  he  remained  in  sufficiently 
good  health  to  continue  in  that  particular  occupation.  The  value 
of  this  cover  could  be  tested  by  the  rate  of  mortality  experienced 
while  on  the  active  list  by  the  members  of  any  ordinary  pension  fund. 
In  all  the  pension  funds  with  which  he  had  had  any  connection  the 
rate  of  mortality  on  the  active  list  could  be  fairly  represented  at 
the  earher  ages  by  the  0^^^'  rates  for  the  first  year  of  assurance. 
From  forty-five  upwards,  perhaps,  the  second  year  rates  appHed. 
The  0^^'^  rate  of  mortality  for  the  first  year  at  age  twenty-five  was 
2'8  per  thousand,  while  the  lowest  group  insurance  premium  quoted 
in  the  paper  for  that  age  was  6 '01  per  thousand.  At  age  thirty-five 
the  0^^^  rate  was  3 '6,  as  against  6'1:1  ;  at  age  forty-five  (for  the 
second  year  of  assurance),  7-75,  as  against  9-17  ;  and  at  fifty-five 
13-29,  as  against  18-87.  If  the  mortahty  experience  of  pension  funds 
were  reproduced  by  group  insurances — and  the  schemes  as  regarded 
mortality  would  appear  to  be  analogous — ^the  premiums  charged 
provided  adequate  margins,  unless  they  included  a  charge  for  the 
option  of  continuance.  From  the  employee's  point  of  view,  all  he 
received  was  little  more  than  an  accident  insurance.     When  his 
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health  decUned  to  the  extent  that  he  was  imable  to  continue  in  his 
employment,  the  cover  from  the  group  policy  ceased . 

In  the  third  paragraph  of  the  paper  it  was  stated  that  group 
insurance  gave  the  wage-earners  adequate  cover,  whereas  ordinary 
life  assurance,  subject  to  annual,  half-yearly  and  quarterly  pre- 
miums, was  beyond  the  means  of  most  manual  workers,  whilst 
industrial  assurance  with  weekly  collections  entailed  a  relatively 
high  cost  and  only  provided  sufficient  to  meet  the  funeral  and  other 
expenses  incurred  at  death.  Surely  the  word  "  adequate",  if 
applicable  at  all,  was  only  so  to  a  most  limited  degree.  The  amount 
assured  might  be  adequate,  but  when  it  was  remembered  that  the 
probability  of  its  becoming  payable  was  small,  owing  to  factors 
apart  altogether  from  rates  of  mortality,  the  adequacy  of  the  cover 
was  seen  to  be  to  a  great  extent  illusory.  He  did  not  overlook  the 
fact  that  an  endeavour  was  apparently  made  to  meet  the  objection 
that  cover  ceased  just  when  most  needed,  by  granting  the  option 
to  effect  an  insurance  under  any  of  the  tables  of  the  issuing  company, 
irrespective  of  the  state  of  health  of  the  life  in  question.  If,  however, 
as  supposed  by  the  author,  the  majority  of  the  wage-earners  could 
not  afford  ordinary  insurance  when  young  and  in  employment,  it 
was  evident  that  when  advanced  in  years  and  unemployed,  or  only 
employed  at  lower  rates  of  wages — as  they  would  in  all  probability 
be  just  at  the  time  they  wished  to  exercise  the  option — it  would 
be  difficult  for  them  to  take  advantage  of  that  option  and  effect 
an  insurance  under  any  ordinary  table.  It  was  stated  in  the  paper 
that  the  granting  of  the  ojDtion  had  been  justified  on  three  grounds, 
one  of  which  was  that  the  cost  of  an  ordinary  pohcy  was  prohibitive 
and  the  option  was  therefore  not  exercised.  This  might  be  a  factor 
which  the  companies  were  justified  in  taking  into  account,  but  it 
showed  also  that  the  option  failed  to  give  group  insurance  the  value 
of  a  permanent  contract  of  life  assurance,  which  could,  practically 
speaking,  only  be  cancelled  at  the  will  of  the  assured.  He  very 
heartily  supported  the  author's  conclusion  that,  although  group 
insurance  possessed  some  advantages,  it  seemed  to  leave  many  of 
the  problems  connected  vnih  the  insurance  of  wage-earners  to  a 
large  extent  unsolved. 

Mr.  W.  schooling,  C.B.E.,  said  that  as  a  visitor  he  would 
like  to  express  his  gratitude  to  the  author  for  an  extremely  interesting 
paper,  on  a  subject  which  was  of  far-reaching  importance  in  con- 
nection with  labour  and  social  questions.  Perhaps  the  most  useful 
contribution  he  could  make  to  the  discussion  was  to  point  out  the 
possibility  of  meeting  an  objection  to  which  group  insurance,  as 
commonly  understood,  was  open.  It  was  contended  that  a  system 
of  insurance  of  this  kind  made  for  good  relations  between  employers 
and  employees,  and  for  continuity  of  service ;  that  continued 
ser\dce  was  of  greater  value  than  discontinuous  service  ;  and  that 
consequently,  if  group  insurance  produced  continuous  service, 
expenditure  upon  it  by  the  employer  might  be  an  economy  and 
not  an  expense.  Mr.  Symmons,  however,  made  the  very  natural 
criticism  on  this  contention  that,  if  group  insurance  became  popular 
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and  was  very  extensively  adopted,  it  took  away  this  advantage. 
The  possibility  of  making  fairly  sure  of  retaining  continued  service 
would  be  attained  if  there  were  contributions  to  permanent  benefits, 
as  distinct  from  merely  the  temporary  insurance  protection  for,  say, 
one  year's  service,  which  was  the  general  feature.  If,  for  example, 
the  employer  and  the  employed  accumulated  savings  regularly,  and 
if,  instead  of  letting  the  group  insurance  policies  be  for  one  year's 
salary,  the  term  policies  were  for  the  difference  between  a  sj^ecified 
sum,  which  might  be  one  year's  salary,  and  the  savings  accumulated 
by  the  employer  and  the  employed,  that  would  really  be  converting 
the  whole  thing  into  endowment  assurance,  with,  perhaps,  the 
investment  part  of  the  business  done  by  the  emjiloyers  and  the 
employees  more  or  less  on  their  own  account.  That  could  be  done 
by  means  of  War  Savings  Certificates  on  better  terms  than  anv 
office,  ordinary  or  industrial,  could  give. 

He  believed  that  group  insurance  would,  in  all  probability,  lead 
to  a  very  considerable  increase  in  the  amount  of  assurance  taken  of 
every  kind.  If  the  idea  became  at  all  common — and  he  certainly 
hoped  it  might — that  no  one  should  carry  less  than  a  year's  salarv 
as  insurance,  one  would  hope  that  a  great  many  men  who  had 
industrial  policies  for  £10  would  regard  such  an  amount  as  totally 
inadequate,  and  would  want  to  increase  their  insurances  to  £50  or 
£100.  However  widely  group  insurance  was  extended,  there  would 
inevitably  be  an  enormous  number  of  individuals  to  whom  no 
system  of  group  insurance  would  be  applicable. 

Sir  ALFRED  WATSON  said  that  the  paper  dealt  with  one 
of  those  superficially  attractive  schemes  of  insurance  which  for 
many  years  past  they  had  been  accustomed  to  receive  from  their 
cousins  across  the  Atlantic,  and  which  prudence  dictated  to  them 
should  be  examined  with  very  great  care  before  they  were  engrafted 
upon  our  system  of  insurance  in  tliis  country.  He  thought  possiblv 
that  if  the  scheme  were  put  before  the  employers  here  it  would 
meet  with  a  considerably  less  measure  of  acceptance  than  it  appeared 
to  have  done  in  the  United  States,  because  employers  in  this  country 
were  already  under  considerable  obligations  in  the  matter  of  insur- 
ance, which  they  could  not  escape,  and  for  which,  as  far  as  he  knew, 
there  was  no  counterpart  in  America.  For  example,  the  employers 
of  15,000,000  of  people  here  had  to  pay  every  week  for  health 
insurance,  and  if  one  read  the  signs  of  the  times  aright,  as  gathered 
from  statements  at  public  meetings,  and  in  the  press,  there  was  at 
least  some  probability  that  the  liability  of  employers  under  that 
head  was  likely  to  increase  in  the  near  future.  Again,  four  or  five 
millions  of  people  were  insured  against  unemployment,  and  there 
again  the  employer  was  under  the  liability  of  making  compulsory 
contributions  ;  if  they  were  to  judge  by  statements  that  had  been 
made,  more  or  less  officially,  that  scheme  was  more  likely  to  be 
extended  than  the  reverse,  especially  now  that  the  out-of-work 
donations  had  familiarized  a  large  part  of  the  population  with  the 
meaning  of  imemployment  benefits.  It  might,  therefore,  be  that 
group  insurance,  if  put  before  employers  generally  in  this  country, 

2  B  2 


332  Group  Insurance.  [Oct. 

Avould  meet  with  a  good  deal  less  appreciation  than  it  seemed  to 
have  met  with  elsewhere.  His  own  feeling  was  that  group  insurance 
only  needed  examination  to  be  severely  criticized.  The  author 
made  it  perfectly  clear  that  such  insurance  was  contingent  upon 
employment,  although  in  some  cases  arrangements  were  made 
whereby  people  who  left  employment  might  continue  their  insurance 
at  the  rates  of  jiremium  appropriate  to  their  attained  age.  Let 
them  consider  that  point  in  relation  to  the  ordinary  working  of  a 
super.annuation  fund.  If  they  looked  at  the  valuation  reports  they 
would  generally  find  that  the  tables  exhibited  very  low  mortality 
rates  during  active  service,  a  very  heavy  rate  of  mortality  amongst 
those  who  had  retired  invalided,  and  a  very  heavy  rate  of  retire- 
ment as  the  ages  between  fifty  and  sixty  were  reached.  That  meant 
that  the  risk  of  people  falling  out  of  their  employment  as  thev 
advanced  in  years,  on  account  of  inability  to  stand  the  constant 
strain  of  their  work,  was  very  considerable,  and  that  a  scheme  of 
life  insiu'ance  which  only  covered  the  active  part  of  a  man's  life 
would  fall  very  far  short  of  the  real  insurance  which  the  working 
jiopulation  would  think  that  they  were  obtaining  from  the  arrange- 
ments made  by  the  employer.  Looking,  again,  at  the  experience 
of  any  t}']oical  friendly  society,  they  would  find  that,  taking  the 
whole  mass  of  the  insured,  something  like  one  in  seventy-two  were 
in  receipt  of  permanent  sickness  benefit.  In  the  very  nature  of 
the  case  the  great  majority  of  those  people  must  have  been  struck 
oft"  the  pay-rolls  of  the  firms  in  whose  service  they  were  engaged 
before  their  incapacity  occurred.  A  scheme  of  insurance  which 
said,  in  effect,  that  so  long  as  a  person  was  in  good  health  and  able 
to  follow  his  occupation,  he  was  insured  against  death,  but  that  as 
soon  as  the  contingenc}^  of  serious  ill-health  fell  upon  him  and 
compelled  him  to  retire  from  his  active  occupation,  then  the 
insurance  ceased,  would  not,  he  thought,  appeal  to  the  high 
traditions  of  life  assurance  as  j)ractised  in  this  country.  Take,  again, 
the  case  of  the  tuberculous- — those  unfortunate  j^eople  who, 
at  the  age  of  thirty  or  thirty-five,  were  compelled  to  relinquish 
their  employment  and  to  go  into  a  sanatorium.  As  a  rule  they 
began  their  sanatorium  treatment  some  time  after  they  had 
been  compelled  to  relinquish  their  employment  :  the  treatment 
itself  extended  over  a  considerable  period,  and  in  the  great 
majority  of  cases  he  did  not  suppose  that  they  would  be  kept 
upon  the  employer's  pay-roil.  He  was  afraid  that  in  those  cases, 
just  when  the  insurance  was  most  needed,  it  would  fail ;  and  he 
doubted  whether  a  form  of  insurance  having  that  result  was 
one  which  they  should  encourage.  He  could  imagine  the  dis- 
satisfaction of  the  working  classes  on  learning  that  after  years  of 
service  in  a  particular  business,  followed  by  the  misfortune  of 
ill-health,  the  insurance  had  ceased,  and  that  just  when  it  was  most 
needed  there  was  no  life  assurance  protection.  He  did  not  overlook 
the  suggestion  that  a  person  who  left  an  emplo\Tiient  might,  under 
some  of  the  schemes  adopted  in  America,  provide  for  the  continuance 
of  his  insurance  by  payment  of  the  ordinary  premium  appropriate 
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to  his  attained  age  and  without  any  further  medical  examination. 
Upon  that  he  would  like  to  say  two  things.  First,  as  regarded  the 
individual,  there  was  the  fact  that  the  great  risk  of  a  premature 
breakdown  in  health  occurred  after  the  age  of  fifty,  when  the  pro- 
vision of  a  policy  would  be  an  extremely  costly  business,  especially  " 
for  a  person  whose  income  had  ceased  by  reason  of  his  incapacity. 
The  fact  that  that  option  was  very  little  exercised  was  exactly 
what  one  would  have  anticipated  in  the  circivustances,  and  really 
enforced  the  argument  that  the  option  was  no  real  protection. 
Secondly,  in  regard  to  the  ofiice  which  undertook  the  business,  if 
the  option  was  to  be  taken  advantage  of  it  must  represent  a  very 
real  liability,  and  it  seemed  to  him  almost  superfluous  to  consider 
what  was  the  appropriate  premium  on  an  orthodox  mortality  basis 
unless  they  could  in  some  more  or  less  accurate  way  gauge  the  value 
of  the  option  and  protect  themselves  against  its  universal  exercise. 
The  paper  was  certainly  an  interesting  one  in  that  it  gave  them  a 
good  deal  of  food  for  thought  ;  but  he  hoped  that,  on  reflection,  it 
Avould  lead  them  to  think  that  in  this  country  they  were  not  prepared 
to  adopt  the  particular  form  of  insurance  which  it  so  clearly 
explained. 

Mr.  C.  W.  KEXCHIXGTOX  felt  very  considerable  doubt 
whether  the  adoption  of  group  insurance  would  benefit  industrial 
policyholders.  No  doubt  insurances  under  the  group  system  would 
tend  to  diminish  the  expense  ratio,  but  it  was  not  clear  to  him 
that  there  would  be  any  special  advantage  that  would  accrue  to 
policyholders  whose  premiums  continued  to  be  paid  weekly  or  at 
short  intervals.  The  disadvantage  of  the  system  was  that  it  did 
not  give  permanent  insurance,  and,  although  the  industrial  system 
might  be  criticized  because  in  some  cases  the  assured  did  not  find 
himself  in  a  position  to  continue  the  premiums,  yet  in  those  cases 
the  lapse  was  at  the  free  will  of  the  assured  and  it  did  not  depend 
upon  his  falling  into  ill-health — in  fact,  they  knew  that  industrial 
policies  were  kept  up  during  ill-health.  Mention  had  been  made  of 
the  option  to  continue  the  insurance  when  a  man  ceased  emplo}-- 
ment.  In  that  connection  he  was  very  much  struck  by  a  remark 
in  an  American  insurance  publication,  in  which  the  statement  was 
made  that  it  did  not  matter  to  any  great  extent  whether  the  option 
was  included  in  the  policy  or  not,  because  even  if  the  option  was 
there  it  was  very  unUkel)''  to  be  exercised. 

Mr.  eric  B.  NATHAN  said  that  in  regard  to  superannuation 
funds  it  was  generally  suggested  that  even  if  the  employer  paid  the 
contribution,  the  money  was  really  provided  by  the  employees, 
being  of  the  nature  of  deferred  pay.  If  that  view  applied  to  group 
insurance  they  could  see  the  difficulties  that  might  arise  if  an 
employer  ceased  to  insure  or  if  the  employee  left  his  situation. 
Such  a  state  of  things  would,  he  thought,  be  regarded  by  the  v>-orking 
classes  as  a  great  hardship.  Immediately  the  insurance  was  effected 
it  would  be  looked  upon  as  a  right,  and  it  would  be  very  difficult 
to  discontinue  it ;  and  it  would  seem  that  difiiculties  of  this  sort 
had  already  arisen  in  some  parts  of  the  United  States.     He  was 
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rather  surprised  that  Mr.  McCormack  had  not  referred  to  a  foim  of 
insurance  which  had  been  in  force  in  this  country  for  a  considerable 
number  of  years — certain!}  before  the  first  group  policy  was  issued 
in  the  United  States  ;  he  referred  to  a  system  which  obtained  in 
the  Co-operative  movement,  by  which  on  the  death  of  a  member 
his  representatives  received  the  amount  of  his  purchases  during  the 
previous  year. 

Mr.  H.  H.  AUSTIN  deprecated  some  of  the  author's  remarks 
with  reference  to  industrial  insurance.  Great  numbers  of  the  working 
classes  did  make  substantial  provision  against  death  by  means  of 
ordinary  and  industrial  branch  policies.  Every  facility  was  given 
them  to  make  that  provision  in  the  ordinary  branch  by  the  issue  of 
policies  as  low  as  £25  ;  premiums  were  accepted  monthly  as  well 
as  quarterly  and  half-year!}^,  and  those  facilities  were  taken  advan- 
tage of  very  freely.  Although  the  average  industrial  policy  was 
only  about  £10,  it  was  very  usual  to  have  two  or  more  policies 
existing  on  the  same  life. 

Mr.  S.  G.  WAENEE,  in  closing  the  discussion,  said  that  Mr. 
McCormack  had  brought  the  subject  of  the  paj)er  before  them  in 
a  way  which,  for  clearness,  comprehensiveness  and  good  arrange- 
ment, left  little  room  for  criticism.  He  had  been  happily  inspired 
in  his  choice  of  a  theme,  having  regard  to  the  present  national 
position.  They  were  entering  on  a  period  in  which  the  relations 
between  Capital  and  Labour  had  to  be  seriously  re-considered,  and 
the  state  of  mind  thus  induced  was  one  suitable  for  the  consideration 
of  experiments  in  social  insurance.  Such  developments  as  group 
insurance  could  be  regarded  from  two  standpoints  :  as  affecting 
national  interests,  and  as  offering  attractive  paths  for  private 
enterprise.  The  two  things  might  quite  possibly  be  combined,  and 
they  might  fairly  regard  the  business  of  life  assurance  as  successfully 
effecting  that  combination.  The  time  had  come  when  private 
enterprise,  which  did  not  make  adecpiate  contribution  to  national 
benefit,  would,  by  that  fact,  be  condemned.  By  the  American 
companies,  which  had  taken  up  group  insurance,  the  enterprise  was 
held  to  be  attractive  and  profitable.  Naturally  it  had  been  compared 
with  industrial  insurance.  Industrial  insurance  was  expensive,  and 
could  not  be  otherwise,  developed  as  it  had  been  through  the 
channels  of  individual  appeal  and  individual  collection.  Obviously 
much  cost  could  be  saved  were  it  possible  to  substitute  the  group 
for  the  unit,  and  place  the  burden  of  premium  pa}Tiient  upon  the 
employer.  Group  insurance,  in  effect,  proposed  to  approach  the 
employer  and  to  insure  his  employees  as  a  whole  and  in  a  group, 
without  medical  examination  ;  the  substituted  safeguards  being 
continuous  employment  for  a  specified  number  of  months  before 
assurance  and  compulsory  inclusion  in  the  group  of  all  the  employees. 
This  made  the  group  a  miniature  sample  of  the  whole  average 
population,  so  that  the  companies  could  take  the  risks  one  with 
another  and  assume  that  they  were  getting,  on  the  whole,  average 
lives.  Another  important  jjoint  made  was  that  the  employer  must 
bear  the  entire  cost.    There  was,  as  Mr.  Nathan  had  pointed  out, 
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a  clanger  that  this  might  be  considered  by  the  workers  an  advantage 
more  apparent  than  real,  and  that  the  cost  might  ultimately  fall  on 
the  employee.  To  avoid  this,  it  would  be  essential  that  wages  and 
all  existing  benefits  should  remain  entirely  unafEected,  so  that  there 
could  be  no  possible  doubt  about  the  new  benefit  being  an  added 
privilege.  Another  feature  of  interest  about  which  not  much  had 
been  said  in  the  discussion  was  the  grading  of  rates  according  to 
employment  hazard.  In  this  respect  the  scheme,  while  it  touched 
indu.strial  insurance  on  one  side,  might  be  said  to  touch  workmen's 
compensation  business  on  the  other  ;  and,  should  it  come  into 
general  operation,  very  valuable  heljD  would  doubtless  be  found  in 
the  experience  accumulated  by  the  companies  transacting  workmen's 
compensation  business.  He  thought  it  woidd  be  very  desirable,  if 
possible,  that  some  common  scale  of  rates  for  employment  risks, 
based  on  the  experience  of  the  companies,  should  be  agreed  upon. 

Coming  to  the  important  question  of  how  the  scheme  was  likely 
to  suit  industrial  conditions  in  this  country,  it  had  been  pointed 
out  that  it  would  conduce  to  continuity  of  service,  but  that  the 
more  it  approximated  to  universal  adoption  the  less  this  considera- 
tion would  apply.  It  was  open  to  question,  however,  how  far  such 
continuity  would  be  an  advantage.  An  able  worker  might  not 
desire  it.  Probably  the  greater  advantage  would  be  that  the  scheme 
would  tend  to  promote  that  more  friendly  and  human  relation 
between  master  and  man  which,  could  it  be  fully  attained,  would 
be  the  true  solution  of  industrial  difficulties. 

One  very  important  point  arose  as  to  what  happened  when  the 
employment  came  to  an  end.  The  insurance  offered  was  a  temporary 
one,  at  rates  fixed  from  year  to  year  to  cover  the  risk  of  each  year, 
the  gTOup  premium  being  re\'ised  annually  on  a  statistical  schedule  ; 
thus  again  linking  the  methods  of  the  scheme  to  those  of  employers' 
liability  business.  At  its  termination  the  worker  was  offered  a 
whole-life  or  endowment  assurance  of  like  amount,  without  medical 
examination,  at  the  rate  for  the  age  then  attained.  Since  this 
included  all  who  left  on  grounds  of  health,  it  raised  a  c^uestion  of 
some  gravity.  It  has  been  urged  that  few  of  those  thus  entitled 
would  be  able  to  afford  to  avail  themselves  of  the  option,  but  that 
was  hardly  an  argument  which  it  would  be  worthy  or  safe  to  employ. 
Nor  could  they  base  any  conclusions  upon  what  might  hitherto  have 
happened  in  this  respect,  for  the  whole  system  w^as  only  about  seven 
years  old.  As  time  went  on  what  had  happened  with  w^orkmen's 
compensation  would  happen  here  :  the  workers  would  become 
more  and  more  aUve  to  the  advantages  offered  them,  and  would 
more  freely  and  generally  take  them.  The  origin  of  the  option  was 
the  fact  that  some  of  the  American  States  would  not,  without  its 
inclusion,  allow  the  business  to  be  done  within  their  borders.  It 
seemed  clear  that  if  the  option  were  off'ered  here  it  must  be  paid 
for,  or  serious  consequences  might  follow. 

One  thing  more  he  would  say,  and  it  was  suggested  by  the  very 
pregnant  and  illuminating  remarks  of  Sir  Alfred  Watson.  This 
scheme  came  from  across  the  Atlantic  and  sprang,  therefore,  from 
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a  national  history  and  national  conditions  very  different  from  their 
own.  The  United  States  remained,  at  jDresent,  as  they  had  been 
substantially  throughout  their  history,  the  home  of  individualism. 
Little  was  done  there  for  the  worker  by  the  State.  He  was  highly 
paid,  and  left  very  much  to  fend  for  himself.  Employment  was 
abundant,  and  transition  from  one  employer  to  another  easy.  In 
just  such  circumstances  individualism  flourished.  Under  that  regime 
great  fortunes  had  been  made  and  a  brilliant  commercial 
fabric  had  been  built  up.  The  time  would  come,  as  population 
pressed  more  on  the  limits  of  employment,  when  some  of  the 
difficulties  too  familiar  here  might  make  themselves  felt  there  also  ; 
and  already,  in  fact,  there  were  indications  of  the  change.  Here, 
as  they  all  know,  the  State  had  already  assumed  and  was  ever  more 
largely  assuming  a  share  in  looking  after  the  well-being  of  its  people, 
and  that  by  the  pressure  of  compulsory  legislation  upon  employers 
of  labour.  Often  unwelcome,  regarded  with  trepidation,  entered  on 
with  hesitation,  it  ine^dtably  came  and  grew.  In  a  country  which 
as  yet  knew  little  of  these  things,  it  was  easy  to  appeal  to  employers 
to  take  upon  themselves  new  burdens  in  the  interest  of  the  employed, 
and  the  movement  was  beneficent.  Some  large  American  companies 
made  it  their  business  to  bring  before  large  employers  to  whom 
they  had  granted  group  insurances,  developments  of  public  enter- 
prise in  the  direction  of  caring  for  the  health  of  the  people,  in  sanita- 
tion, medical  attendance  and  otherwise.  It  was  done  primarily  from 
a  commercial  motive,  but  its  effect  could  not  fail  to  be  a  national 
benefit.  How  far  the  employers  of  labour  in  this  country,  biu-dened 
as  they  already  were  and  were  increasingly  likely  to  be,  with  national 
responsibilities  imposed  by  the  State,  might  be  expected  to  assume 
voluntary  burdens  it  was  difficult  to  say.  It  was  to  be  hoped  that 
if  any  practical  development  took  place  it  would  be  in  a  form  at 
once  attractive  to  individual  enterprise  and  defensible  because  a 
benefit  to  the  people  as  a  whole. 

The  PRESIDENT,  in  moving  a  vote  of  thanks  to  Mr.  McCormack, 
said  they  were  greatly  indebted  to  him  for  his  paper  and  for  the 
interesting  discussion  which  it  had  brought  forth.  AVith  reference 
to  Mr.  Austin's  criticism  of  the  author's  observations  on  industrial 
offices,  he  (the  President)  was  partly  responsible  for  those 
observations,  as  he  mentioned  the  subject  in  his  Address. 
He  did  not  believe  that  Mr.  McCormack  regarded  group 
insurance  as  a  substitute  for  industrial  assurance,  nor  certainly 
did  he  (the  President),  either  when  he  first  referred  to  the 
question  or  now.  He  did  not  regard  it  as  ami^hing  more  than 
supplementary  to  it.  He  thought,  however,  that  possibly  some  of 
the  methods  which  were  employed  in  connection  wuth  group  insurance 
might  be  of  value  in  lessening  the  expense  of  industrial  assurance. 
At  present  that  expense  was  inevitable,  but  it  was  going  to  be  a 
strong  point  of  attack  by  those  who  were  out  to  do  something  which, 
whatever  form  it  might  ultimately  take,  would  not  be  of  benefit 
to  industrial  assurance  companies  as  they  at  present  existed. 

Mr.  McCormack,  in  reph-ing  to  criticisms,  said  that  under 
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most  group  insurance  schemes  employees  remained  covered  during 
any  temporary  absence  on  leave,  and  sometimes  the  employer  had 
the  option  of  continuing  the  insurance  in  the  case  of  employees  who 
retired  or  left  through  ill-health.  But  this  privilege  might  be  con- 
ditional upon  the  continued  payment  by  the  employer  of  at  least 
a  part  of  the  salary.  This  was  quite  distinct  from  the  option  of 
conversion  to  an  ordinary  policy  on  leaving  service  ;  but  in  spite 
of  these  arrangements,  he  agreed  with  Sir  Alfred  Watson  and  other 
speakers  that  serious  difficulties  remained.  It  was  rather  a  para- 
doxical feature  of  group  insurance  that  not  only  its  advantages  but 
also  some  of  its  principal  disadvantages  were  largely  the  result  of 
the  term  insurance  system,  which  was  the  basis  usually  adopted  in 
practice.  He  thought  the  chief  difficulty  of  the  scheme  from  the 
point  of  view  of  the  insurance  company  was  to  be  found  in  the 
continued  insurance  of  members  who  were  no  longer  actively 
engaged.  It  therefore  seemed  very  important  that  when  the  scale 
of  premiums  was  fixed  careful  allowance  should  be  made  for  the 
option  of  conversion  to  an  ordinary  policy  on  leaving  ser\dce,  and  it 
would  also  be  advisable  to  establish  a  reserve  fund  to  provide  for 
any  losses  which  might  result.  With  regard  to  Mr.  Schooling's 
interesting  suggestion  a  difficulty  that  occurred  to  him  was  that 
in  any  scheme  involving  group  insurance  it  was  necessary 
that  all  the  employees  in  the  group  should  be  insured. 
Therefore  the  employer  would  have  to  insure  employees  who 
declined  to  take  part  in  the  scheme  on  the  same  footing  as 
those  who  became  members.  But  as  a  decreasing  short  term 
insurance,  such  as  was  suggested  in  the  scheme,  would  probably 
be  of  little  value  apart  from  the  scheme,  the  cost  of  insurance  of 
non-members  might  represent  a  practically  useless  expense  to  the 
firm.  He  had  not  expressed  any  definite  opinion  of  group  insurance 
in  the  paper  ;  but  he  thought  he  might  safely  say  that  so  long  as 
group  insurance  was  regarded  merely  as  an  extension  of  Workmen's 
Compensation  insurance,  it  might  serve  a  valuable  purpose. 


The  Aiiierican-Ganadian  Mortality  Investigation,  1900-1915.* 

[Coiinuunicated  by  Me.  Arthttr  Huntee,  A. I. A.,  F.F.A.,  Cliainiian  of  the 
Committee  on  Mortality  Investigation.] 

Synopsis  of  Vol.  II. f 

In  Volume  II  of  the  report  on  the  investigation  into  the 
mortality  among  residents  of  the  United  States  and  of  Canada 
sub-divisions  have  been  made  of  the  statistics  according  to : 

(a)  Plan  of  insurance  ; 

(6)  Residence  in  groups  of  states  in  the  United  States  ; 

*  Published  by  the  Actuarial  Society  of  America, 
t  See  p.  259  for  synopsis  of  Vol.  I. 
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(c)  Residence    in   provinces,   or   groups  of   provinces  in 

Canada  ; 
{d)  Causes  of  death  ; 
(e)  Amount  of  insurance  S50,000  or  more. 
A  synopsis  of  the  results  of  the  investigations  is  now  given. 


Mortality  according  to  Plax  of  Insurance. 

The  mortahty  according  to  plan  of  insurance  was  confined 
to  men  resident  in  the  United  States  at  date  of  apphcation  for 
insurance,  wartime  conditions  making  it  not  advisable  to 
undertake  a  similar  investigation  for  men  resident  in  Canada. 
The  former  are  designated  "  American  Men."  The  principal 
plans  of  insurance  investigated  were  : 

1.  Ordinary  Life,  together  with  Endowment  Insurances 
maturing  at  age  80  or  over. 

2.  Twenty  Payment  Life,  together  with  Nineteen  Payment 
Life,  and  also  Nineteen  and  Twenty  Payment  Endowment 
Insurances  maturing  at  age  80  or  over. 

3.  Twenty  Year  Endowment  Insurances,  and  also  Nineteen 
Year  Endowment  Insurances,  both  maturing  at  ages  under  80. 

4.  Ten  Year  Term  PoKcies,  and  Policies  changed  from  Ten 
Year  Term  to  other  plans. 

The  first  three  groups  largely  consisted  of  policies  on  the 
Ordinary  Life,  Twenty  Payment  Life  and  Twenty  Year  Endow- 
ment Insurance  plans. 

In  determining  the  expected  deaths,  the  graduated  rates  of 
mortality  for  American  Men  (A.M.),  both  select  and  ultimate, 
were  used.  (See  J.I.A.,  li,  p.  259).  The  following  is  a  synopsis 
of  the  results  : 

Ordinary  Life. 


j                      All  Ages  xr  Entry  Combined 

Duration 

Actual 
Deaths 

Expected 
Deatlis 

Ratio  of  Actual 

to 
Expected  Deaths 

1-5 !     820,505,400 

6  and  sub 288.766.300 

1 

819,062,200 
283,546,900 

107-6% 
101-8 

Total §309,271,700 

$302,609,100 

102-2% 
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19  and  20  Paymenf  Life  Plan-t. 


Duratii.il 

All  Agks  at  Entry  Combine!" 

Actual                    Expected             Ratio  of  Actual 
Deall...                       Ueaths              Expected  Deatl.s 

1 

1-5 

6  and  sub.... 

§17,310,100         $18,817,000 
74,081,000           78,080,500 

92-0% 
94-9 

94-3%         ! 

!              Total 

S91,391,1C0 

$96,897,500 

19  and 

'20  year  Endmcment  Insurances. 

\    1-5 

6  and  sub.... 

1 

S5,279,300 
25,449,000 

8.5,312,500     !           99-4% 
26.878,600               94-7 

1 

i              Total 

1 

830,728,300 

32,191,100                95-5% 

There  is  apparently  an  anomah'  in  that  "uhile  the  expected 
deaths  for  the  first  five  insurance  years  are  7  per-cent  of  those 
for  the  sixth  and  subsequent  insurance  years  for  Ordinary  Life 
policies,  the  corresponding  percentage  for  Nineteen  and  Twenty 
Payment  Life  is  24  per-cent.  This  is  due  to  the  fact  that  the 
Companies  contributed  their  entire  data  on  plans  other  than 
deferred  di\'idend  for  policies  issued  prior  to  1900.  while  they 
contributed  only  a  part  of  their  data  for  issues  of  1900  to  1914, 
inclusive. 

The  mortahty  on  the  Nineteen  and  Twenty  Payment  Life 
poUcies  is  better  than  on  the  Ordinary  Life  plan,  and  while  the 
mortahty  on  the  former  is  slightly  lower  than  on  the  Nineteen 
and  Twenty  Year  Endowment  Insurances,  this  may  be  due  to 
accidental  fluctuations.  The  experience  in  the  United  States 
with  regard  to  the  relative  mortahty  under  Limited  Payment 
and  Endowment  Insurances  is  approximately  the  same  as  shown 
bv  the  British  Offices"  Life  Tables,  1893.  In  the  case  of  the 
American  companies,  one  reason  advanced  for  the  difEerence 
between  these  plans  is  that  there  has  been  a  tendency  to  hmit 
shghtly  impaired  or  border  hne  risks  to  Endowment  Insurances. 

The  difference  between  the  relative  mortahty  under  the 
foregoing  three  principal  plans  was  obtained  by  a  method  which 
took  accoimt  of  the  distribution  of  business  at  the  various  ages 
and  in  the  different  insurance  years.    From  this  it  appears  that 
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the  relative  mortality  is  12|  per-cent  lower  on  the  Limited  Pay- 
ment than  on  the  Ordinary  Life  plan,  the  difference  being  greater 
in  the  earlier  than  in  the  later  insurance  years  ;  and  that  the 
relative  mortahty  on  Endowment  Insurance  is  7|  per-cent  higher 
than  on  Limited  Payment  Life  in  the  first  five  insurance  years, 
and  practically  the  same  for  the  sixth  and  succeeding  insurance 
years. 

An  analysis  is  given  in  the  report  of  the  relative  mortality 
b}'  ages  at  entry  for  the  first  five  insurance  years,  and  by  attained 
ages  for  the  sixth  and  succeeding  policy  years.  It  is  shown  that 
under  Ordinary  Life  pohcies  the  percentage  of  actual  to  expected 
deaths  calculated  by  the  A.M.  Table  (Select  and  Ultimate)  wa-s 
highest  in  the  early  policy  years  for  ages  at  entry  35  to  44,  and » 
that  under  Nineteen  and  Twenty  Payment  Life  policies  the 
relative  mortahty  was  generally  better  in  the  earlier  than  in  the 
later  insurance  years. 

Term  Insurance. — The  mortality  under  term  insurance  was 
divided  into  two  groups.  The  first  was  Ten  Year  Non-Renewable, 
or  Ten  Year  Renewable  Term  Insurance  exposed  during  the 
period  of  the  Term  Insurance,  but  not  exceeding  ten  years.  By 
limiting  the  period  to  ten  years  any  selection  against  the  com- 
panies at  the  beginning  of  the  second  period  under  renewable 
term  policies  was  eliininated.    The  results  were  as  follows  : 


.    .     ,  T,„.  „  ,„  ]  Ratio  ot  Actual 

■n,,..„t!„.  Actual  Expecteci  . 

Duration  t»„.h.„  r.„„»i.„  1  to 


Deaths  Deaths 


Expected  Deaths 


1-5 12,873,200  »2,878,80O     j  99-8% 

6  and  sub 1,878,700     I         1,769,900  106-1 


Total . . . 


84,751,900  §4,648,700     |        102-2% 


For  all  ages  and  durations  combined  the  relative  mortality 
happens  to  be  exactly  the  same  as  under  Ordinary  Life  policies. 
This  may  cause  some  surprise,  because  a  number  of  years  ago 
the  mortality  of  several  companies  was  reported  to  be  higher 
under  Term  Insurance  than  under  Ordinary  Life  pohcies.  In 
recent  years,  however,  many  of  the  companies  have  exercised  a 
.stricter  medical  selection,  and  made  a  more  searching  inspection 
on  Term  than  on  other  forms  of  insurance. 

The  second  group  covered  Ten  Year  Renewable  Term 
policies  renewed  at  the  end  of  the  ten  years  for  a  further  period. 
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and  those  converted  at  that  time  to  Ordinary  Life,  Limited 
Payment,  or  Endowment  insurance — all  without  medical  examin- 
ation at  date  of  renewal  or  conversion.  As  the  experience  begins 
at  the  end  of  ten  years,  the  expected  deaths  were  calculated  by 
the  ultimate  table  of  mortality. 


! 
Actual                     Expected 
Deaths                       Deaths 

Ratio  of  Actual 

to 
Expected  Deaths 

All  lusurance  Years 

.$2,036,600           §1,878,600 

108-4% 

The  mortality  is  divided  according  to  number  of  years 
elapsed  after  renewal  or  change.  For  the  fii'st  five  insurance 
years  following  renewal  or  change  the  mortality  is  9|  per-cent 
higher  than  for  the  sixth  to  the  tenth  years  after  such  renewal 
or  change. 

A  di\nsion  of  the  data  into  attained  ages  (a)  under  60  and  (6) 
over  60,  showed  100  per-cent  of  the  A.M.^^^  Table  under  the  for- 
mer and  131  per-cent  under  the  latter.  This  was  to  be  expected, 
because  the  older  the  life  the  higher  the  cost  of  renewal  or  change, 
and  accordingly  the  greater  the  incentive  to  continue  the  policy 
on  an  impaired  risk. 

Terin  Policies  Changed  to  Other  Plans. — An  investigation  was 
made  of  the  experience  under  Ten  Year  jSTon-Renewable,  or 
Renewable  Term  policies  which  were  converted  or  changed  into 
other  forms  before  the  end  of  the  original  term  period  without 
a  new  medical  examination.  As  the  mortahty  was  likely  to  be 
influenced  by  the  number  of  years  elapsed  since  the  original 
pohcy  was  issued,  the  experience  was  divided  according  to  the 
number  of  years  elapsed  before  change  or  conversion  was  made. 
The  expected  deaths  were  calculated  by  the  A.M.  Table,  making 
allowance  for  the  time  elapsed  before  change.  The  following  is 
a  synopsis  of  the  results  : 


j 

Actual 
Deaths 

Expected 
Deaths 

Ratio  of  Actual 

to 
Expected  Deaths 

1 

Changed  during  tirst  '^ 
five  calendar  years...  ) 

Changed    during   sixth  '^ 

and    subsequent  cal-  - 

!         endar  years...          ...  ) 

•8482,100 
310,500 

$573,500 
319,200 

84-5% 
97-3 

j             Total          

$792,600 

*892,700 

88-8% 
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As  the  policies  were  changed  to  a  higher  premium  plan  it 
was  not  to  be  expected  that  there  would  be  an  unfavourable 
mortality  in  this  class,  except,  possibly,  for  those  changed  in 
the  later  years  of  the  Ten  Year  Non-Renewable  Term  period. 
In  the  case  of  companies  which  permitted  the  conversion  within 
one  year  of  the  end  of  the  Non-Renewable  Period,  a  higher 
mortality  than  the  normal  for  a  few  years  following  the  change 
might  be  anticipated,  but  the  statistics  were  not  numerous 
enough  to  justify  such  a  sub-di\asion. 

Mortality  in  Different  Sections  of  the  Unteted  States. 

The  data  for  the  United  States  were  divided  into  ten  groups, 
depending  upon  the  State  in  which  the  man  resided  at  the  date 
of  application  for  insurance.  These  groups  took  account  of  the 
geographical  situations  and  economic  conditions  of  the  States. 
The  ten  groups  were  as  follows  : 

1.  Comiecticut,    Maine,     Massachusetts,    Nevr    Hampshire, 

Rhode  Island,  Vermont. 

2.  New  Jersey,* New  York,  Pennsylvania. 

3.  Delaware,   District   of   Columbia,   Kentucky,    Maryland. 

North  Carolina,  Teimessee,  Virgmia,  West  Virginia. 

4.  Illinois,  Indiana,  Michigan,  ^Missouri,  Ohio,  Wisconsin. 

5.  Florida,  Georgia,  South  Carohna. 

6.  Alabama,  Arkansas,  Louisiana,  Mississippi. 

7.  Iowa,    Kansas,    Minnesota,    Nebraska,    North    Dakota 

South  Dakota. 

8.  Oklahoma,  Texas. 

9.  Arizona,  Colorado,  Idaho.  Montana,  Nevada,  New  Mexico, 

Utah,  Wyoming. 
10.  Alaska,  Cahfornia,  Oregon,  Washington. 
The  relative  mortality  in  these  States  for  all  insurance  years 
and  for  all  ages  at   entry    combined  may    be   seen  from  the 
following   synopsis,  the   expected  deaths  being    calculated  by 
the  A.M.  Table  : 


Group 

Actual  Deaths 

Expected  Deatlis 

Ratioof  Actual  to 
Expected  Deaths 

1 

59,486,800 

62,260,700 

95-5% 

2 

150,749,200 

146,499,500     • 

102-9 

3 

43,133,300 

41,815,100 

103-2 

4 

108,017,800 

114,032,900 

94-7 

5 

13,703,600 

11,073,600 

123-8 

6 

13,181,500 

10,626,400 

1240 

7 

21,533,200 

24,289,300 

88-7 

s 

7,143,200 

6,557,400 

108-9 

!i 

5,952,900 

6,005,900 

99-1 

10 

13,241,500 

13,185.600 

100-4 
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The  lowest  relative  mortality  was  in  the  middle  west  (7)  in 
the  States  where  the  principal  occupation  is  farming.  There 
was  very  Uttle  difference  in  the  mortality  between  the  New 
England  States  (1)  and  the  group  of  Northern  Central  States  (4). 
The  Eastern  States,  extending  from  New  York  to  Yirginia 
(2  and  3)  showed  a  slightly  higher  mortahty  than  the  Kocky 
Mountain  States  (9),  and  the  Pacific  Coast  States  (10).  As  was 
expected,  the  two  groups  (5  and  6)  of  extreme  southern  States 
showed  the  highest  mortahty — 24  per-cent  in  excess  of  the 
average  for  the  whole  country. 

It  is  interesting  to  note  that  the  older  settled  States  and 
States  -snth  large  cities,  had  a  lower  relative  mortality  in  the 
earUer  than  in  the  later  policy  years,  while  the  reverse  was  true 
in  the  other  States. 

Mortality  by  Provixces  ix  Caxada. 

An  investigation  was  made  by  groups  of  Pro\diices  of  the 
mortahty  among  Canadian  men,  according  to  their  residence  at 
date  of  application  for  insurance.  The  following  divisions  were 
made  : 

(a)  Ontario. 

(b)  Quebec. 

(c)  Nova  Scotia.  New  Bmnswack  and  Prince  Edward  Island. 

(d)  Manitoba,  Alberta  and  Saskatchewan  ;  Yukon  Territory. 

(e)  British  Columbia. 

The  following  shows  the  comparison  of  the  actual  with  the 
expected  deaths  calculated  by  the  CM.  Table  : 


Grouj) 

Actual  Deaths 

-c     „  »«j  T>  „*i                Ratio  of  Actual  to 
Expected  Deaths              Expected  Deaths 

A 
B 
C 
D 

E 

14,435,300 
7,216,800 
3,856,900 
2,670,700 
1,207,200 

15,284,200                       94-4% 
6,098,800                     118-3 
3,760,200                     102-6 
3,063,600                       87-2 
1,174,900                     102-7 

The  best  mortality  was  found  in  the  wheat-growing  States  of 
Western  Canada  (d).  It  will  be  remembered  that  the  best 
mortahty  in  the  United  States  was  in  the  farming  communities 
of  the  Middle  West.  The  mortahty  in  the  Maritime  Pro\'inces  (c) 
and  in  British  Columbia  (e)  were  practically  ahke,  2|^  per-cent 
higher  than  the  averase  for  the  whole  of  Canada.    The  Pronnce 
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of  Ontario  (a)  was  5|  per-cent  below  the  average.  The  highest 
mortality  was  in  the  Province  of  Quebec  (b),  which  was  about 
30  per-cent  higher  than  for  the  Western  Provinces  (d).  This  is 
generally  ascribed  to  the  higher  mortality  among  the  French- 
Canadian  population  of  the  Province  of  Quebec. 

An  investigation  was  made  by  recjuest  of  the  Canadian 
actuaries  of  the  mortality  among  women  in  the  Province  of 
Quebec.  The  amount  of  data  was  small,  the  actual  death  losses 
being  $270,700,  and  the  expected  $241,600— a  ratio  of  112  per- 
cent. As  the  mortality  among  Canadian  women  was  10  per-cent 
lower  than  among  Canadian  men,  it  follows  that  the  mortality 
among  Quebec  women  was  25  per-cent  higher  than  among  all 
Canadian  women. 

Causes  of  Death. 

An  investigation  was  made  of  the  causes  of  death  in  the 
case  of  both  American  and  Canadian  men.  The  deaths  were 
tabulated  in  two  ways  :  (a)  percentage  of  deaths  from  each 
cause  to  total  deaths  ;  (6)  death-rate  from  each  cause  per  $10,000 
exposed  to  risk.  Nothing  unexpected  seems  to  have  been 
developed  by  these  tables.  On  the  basis  of  the  rate  per  $10,000 
exposed  to  risk  an  increasing  death-rate  vAth.  advance  in  age 
is  exhibited  from  such  diseases  as  cancer,  pneumonia,  apoplexy, 
heart  disease  and  nephritis.  The  death-rate  from  typhoid  fever 
decreased  until  after  middle  Hfe.  It  is  only  possible  to  make  a 
general  comparison  of  death-rate  by  causes  with  those  in  the 
Medico-Actuarial  Mortality  Investigation,  and  from  this  it 
appears  that  there  has  been  a  material  reduction  in  the  death- 
rate  from  typhoid  fever  for  all  policy  years,  and  a  marked 
improvement  in  the  first  yepr's  expeiience  in  the  case  of 
tuberculosis  of  the  lungs. 

A  comparison  of  the  causes  of  de?th  among  American  and 
Canadian  men  indicates  that  there  was  a  markedly  higher  death- 
rate  among  the  former  than  among  the  latter,  from  apoplexy, 
heart  disease  and  nephritis,  but  in  the  case  of  accident  the 
Canadian  death  rates  were  the  higher. 

Policies  for  Large  Amounts. 

Two  investigations  were  made  into  the  mortality  under 
poUcies  for  large  amounts  :  {a)  policies  for  $50,000  or  more,  and 
(h)  insurances  of  $100,000  or  more,  taken  out  in  amounts  of  at 
least  $50,000  per  policy.  This  investigation  was  limited  to  the 
data  on  American  men.    Unfortunatelv,  the  amount  of  data  is 
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small,  because  a  small  part  only  of  the  statistics  of  the  large 
companies  was  included  ;  the  larger  the  company,  the  smaller 
was  the  proportion  of  data  contributed  for  the  years  of  issue 
1900  to  1914  inclusive.  The  small  and  young  companies  contri- 
buted all  or  a  large  part  of  their  experience,  but  there  were 
naturally  few  policies  issued  by  them  for  amounts  of  S^O.OOO 
and  more. 

The  expected  deaths  in  the  following  synopsis  were  calculated 
by  the  A.M.  Table  : 

Policies  for  $50,000  or  more. 


Actual  Deaths 

Expected  Deaths 

Ratio  of  Actual  to 
Expected  Deaths 

$6,423,700 

§5,502,500 

116-7% 

The  relative  mortality  for  the  first  five  policy  years  combined 
was  the  same  as  for  the  sixth  and  succeeding  pohcy  years 
combined. 

On  policies  with  aggregate  amounts  of  8100,000  or  more  on 
indi\adual  lives  the  following  was  the  result  : 

Aggregate  Amounts  of  $100,000  and  over. 


Actual  Deaths 

Expected  Deaths 

Batio  of  Actual  to 
Expected  Deaths 

?2,595,50O 

.§1,978,100                       131-2% 

i 

The  mortahty  in  the  first  five  insurance  years  combined  was 
lower  than  in  the  sixth  and  succeeding  insurance  years  combined  ; 
but  too  much  rehance  should  not  be  placed  on  this  result,  because 
of  the  small  amount  of  material. 

From  the  two  foregoing  synopses  it  may  be  deduced  that 
there  was  a  ratio  of  actual  to  expected  deaths  of  109  per-cent 
on  cases  for  at  least  $50,000,  but  less  than  $100,000. 

Information  was  obtained  from  three  companies  with  regard 
to  their  experience  on  large  amounts  of  insurance.  The  actuary 
of  one  company  stated  that,  under  policies  issued  from  1880  to 
1915  for  an  aggregate  amount  on  indi\ddual  Uves  of  $100,000 
or  more,  issued  \^^thin  a  single  calendar  year,  the  mortahty 
was  about  25  per-cent  in  excess  of  the  normal  mortahty  of 
the  company  on  all  its  insurances.  The  amount  of  data  in 
this   company's   experience  was  about  three  times  as  large  as 

VOL.    LI.  2    C 
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those  investigated  in   connection  \Yith  the    '"'  American  Men  " 
experience. 

Another  company  gave  its  experience  on  poHcies  issued  for 
$50,000  or  more  from  the  years  1868  to  1907  inclusive,  carried 
to  the  anniversaries  in  1908.  The  select  table  adopted  in  this 
experience  in  determining  the  expected  deaths  was  probably  higher 
than  the  general  experience  of  the  company,  and,  accordingly,  the 
ratios  now  given  are  too  low.  On  persons  who  were  insured  for 
at  least  850,000  but  less  than  $100,000  the  relative  mortahty  was 
107*5  per-cent,  and  on  those  insured  for  $100,000  and  over  it  was 
11. 3" 2  per-cent.  These  ratios  are  on  the  basis  of  "  lives  "  ;  the 
corresponding  percentages  by  '"  amounts  "  are  not  materially 
different. 

A  third  company  gave  its  experience  under  policies  issued  in 
the  years  1885  to  1915  inclusive,  carried  to  the  policy  anniversary 
in  1916.  On  policies  issued  for  $50,000  to  $100,000  inclusive  the 
relative  mortahty  measured  by  the  Medico- Actuarial  Mortahty 
Table  Avas  107  per-cent  by  applications,  and  105  per-cent  by 
amounts.  For  cases  about  $100,000  the  relative  mortality  w^as 
110  per-cent  by  apphcations,  and  148  per-cent  by  amounts  insured. 
A  recent  tendency  has  been  to  greatly  increase  inheritance 
taxes,  and,  accordingly,  the  companies  are  receiAdng  far  more 
applications  than  formerly  from  persons  of  wealth,  who  wish 
to  pro\ade  for  these  taxes  by  means  of  insurance.  Furthermore, 
it  is  becoming  the  practice  of  companies  to  insm*e  their  principal 
officers  and  technical  men  for  the  benefit  of  the  company.  It  is 
likely,  therefore,  that  there  is  less  "  moral  hazard  "  than  formerly 
in  connection  with  applications  for  large  amounts. 

It  is  not  the  intention  to  make  any  further  investigations, 
and  the  w^ork  of  the  committee  is  completed,  unless  the  A.M. 
or  the  CM.  Tables  are  likely  to  become  the  standards  of  valuation 
in  the  United  States  or  Canada,  in  w^hich  event  complete  sets  of 
terminal  and  mean  reserves  will  be  prepared  and  published. 

While  no  additional  mortality  studies  t\^11  be  made  by  the 
committee  in  charge  of  the  American-Canadian  Mortahty  Investi- 
gation, three  investigations  have  been  commenced  by  a  Joint 
Committee  of  the  Actuarial  Society  and  the  Medical  Directors' 
Association.  That  joint  committee  has  already  published  a 
report  on  the  mortahty  due  to  overweight,  and  is  now  engaged 
in  studies  of  the  effect  of  family  history  on  longevity  and  the 
mortahty  from  functional  heart  murmur  and  intermittent 
albuminuria. 
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LEGAL   NOTES. 
By  William  Charles  Sharman,  F.I. A.,  Barrister-at-Law. 

voiuntarr  ALTHOUGH  befoie  the  Judicature  Act,  1873,  the 
chose  in  actio,,,  lulc  was  that  cquity  would  only  grant  its  aid  to 
compel  an  assignor  to  allow  the  assignee  of  a  legal 
chose  in  action  to  sue  at  law  in  his  name  when  valuable  considera- 
tion has  been  given  for  the  assignment,  section  25,  sub-section  6, 
of  that  Act  has  not  only  improved  the  position  of  the  assignee 
as  regards  procedure  by  enabling  him  to  sue  in  his  own  name, 
but  has  also  enabled  him  so  to  sue  in  regard  to  a  debt  which  has 
been  assigned  voluntarily. 

In  the  case  of  In  re  Westerton,  Public  Trustee  v.  Gray,  reported 
88  L.J.  Ch.  392  (1919),  2  Ch.  104,  the  validity  of  a  voluntary 
assignment  of  a  chose  in  action  was  considered.  The  facts  are  as 
follows  : 

A  testator  about  a  year  before  his  death  handed  to  his  land- 
lady an  envelope  enclosing  three  documents,  saying  :  "  Here  is 
"  a  present  for  you  ;  that  is  for  you.  1  have  given  it  into  your 
"  hand."  She  was  about  to  open  it,  when  he  took  it  back  from 
her  hand,  and  said  :  "  Remember,  I  will  keep  it  for  you,"  and 
then  placed  it  in  his  despatch  box.  The  envelope  contained 
(a)  a  letter  under  the  hand  of  the  testator  and  addressed  to  the 
landlady  as  follows  :  "  You  have  been  very  kind  to  me,  and 
'■  I  desire  to  make  some  return  by  giving  you  the  amount  of 

"  £500,  now  on  deposit  at  the Bank  as  per  receipt 

"  enclosed  "  ;  (6)  a  banker's  deposit  receipt  for  £500,  which  he 
had  in  1914  placed  on  deposit  at  his  bank  in  his  name  ;  (c)  an 
authority  under  the  hand  of  the  testator  to  the  bank  to  pay  the 
landlady  or  her  order  the  sum  of  £500,  then  on  deposit  there. 
The  deposit  note  was  not  transferable,  and  the  endorsed  form 
of  receipt  was  not  signed  by  the  testator,  and  no  notice  of  assign- 
ment was  given  to  the  bank  until  after  his  death,  in  May  1917, 
when  the  envelope  was  taken  out  of  the  despatch  box  and  found 
to  contain  these  three  documents. 

Sargant,  J.,  held  that  the  letter  was  a  direct  assignment  to 
the  landlady  of  the  money  on  deposit ;  that  upon  the  delivery 
of  the  documents  to  her  there  was  a  completed  gift,  the  sub- 
sequent redelivery  to  the  testator  being  merely  for  their  safe 
custody  on  her  behalf ;  and  that  by  virtue  of  section  25,  sub- 
section 6,  of  the  Judicature  Act,  1873,  she  could  sue  for  the  money 

2  c  2 
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on  deposit,  although  it  had  been  assigned  to  her  voluntarily,  and 
she  was  therefore  entitled  to  have  it  paid  to  her. 

The  facts  in  this  case  should  be  carefully  distinguished  from 
those  in  the  case  of  In  re  Williayns,  Williams  v.  Ball,  previously 
reported  in  these  notes,  J. I. A.,  vol.  1,  pp.  118  and  243. 


The  judgment  of  Horridge,  J.,  in  the  case  of  In  re 
baJ&t"''°'    Stokes,  MelUsli  ex  yarte,  reported  88  L.J.K.B.  794, 

concealed  from  ..  .  T-ir  i  ■  •  nn 

trustee.  dcals  With  a  pouit  which  irequently  arises  m  othce 

Conflict  of  1  p     11  -1 

claims  to  policy    practicc,     and    useiully    reviews    several    previous 

moneys.  \-  ^  J  X 

decisions  on  the  same  point,  some  of  which  decisions 
have  previously  been  reported  in  these  notes. 

In  this  case  a  motion  was  brought  to  obtain  a  decision  of  the 
Court  as  to  whether  a  policy  of  assurance  on  the  life  of  the 
deceased  passed  under  his  will  to  the  applicant,  or  whether  it 
belonged  to  the  Official  Eeceiver  as  trustee  under  the  following 
circumstances.  On  1  December  1879,  the  debtor  filed  his  petition 
for  liquidation,  and  on  13  December  1879,  the  creditors  resolved 
that  the  debtor's  affairs  be  liquidated  by  arrangement,  and  not 
in  bankruptcy.  In  January  1880,  a  trustee  was  appointed  under 
the  liquidation  who  carried  on  the  business  of  the  debtor  for 
practically  the  whole  period  of  the  liquidation  and  to  enable 
him  to  do  so  employed  the  debtor  as  his  clerk.  On  21  October 
1881,  the  debtor  effected  a' policy  on  his  life  for  £1.000  at  an 
annual  premium  of  £33  10s.  and  continued  to  pay  the  premiums 
until  his  death.  On  7  November  1883  the  liquidation  was 
closed,  and  on  13  November  1883  the  debtor  obtained  his 
discharge.  On  26  July  1917  the  debtor  died  at  Cape  Town, 
South  Africa,  having  by  his  will,  dated  10  July  1915,  appointed 
his  niece,  the  applicant,  his  executrix.  Letters  of  administration, 
as  proof  of  probate  of  the  said  will,  were  granted  to  the  said 
executrix  by  the  Master  of  the  Court  at  Cape  Town,  and  were 
forwarded,  together  with  other  documents,  by  the  applicant's 
solicitors  in  London  to  the  insurance  company  ;  but  the  company 
declined  to  pay  the  policy  moneys  to  the  solicitors  on  behalf  of 
the  applicant  until  it  had  been  determined  whether  the  same 
passed  under  the  will  of  the  deceased  to  the  apphcant  or  belonged 
to  the  trustee.  The  trustee  stated  on  the  hearing  of  this  motion 
that  he  did  not  know  the  policy  was  in  existence,  and  that  he 
Imew  of  no  premiums  being  paid  by  the  debtor,  and  that  the 
premiums  must  have  been  paid  out  of  the  debtor's  salary.  If  he 
had  known  of  the  policy  he  would  have  disclaimed  it. 
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Horridge,  J.,  said  :  "  This  is  a  case  where  the  policy  was 
"  effected  and  the  premiums  paid  from  first  to  last  without  the 
"  knowledge  of  the  trustee  or  any  successive  officer  representing 
"■  the  trustee.  In  the  case  of  In  re  Tyler,  Official  Receiver  ex  parte 
•'  (1907)  1  K.B.  865  [J.I.A.,  vol.  xli,  p.  411]  the  Court  of  Appeal 
'■  affirmed  a  decision  by  Bigham,  J.,,  in  which  he  declined  to 
"  allow  the  trustee  to  intervene  and  take  policy  moneys  without 
■'  making  an  allowance  to  the  wife  of  the  debtor  who  had  paid 
"  all  the  premiums  ;  but  in  that  case  the  whole  matter  had  been 
"  done  with  the  cognizance  of  the  representative  of  the  estate 
"  for  the  time  beinw.  although  it  is  true  he  was  not  the  main 
"  representative  involved  in  the  case  itself.  That  case  entirely 
"  proceeded  upon  the  principle  that  the  trustee,  ha"\dng  stood 
"'  by  with  knowledge  and  allowed  the  premiums  to  be  paid  by 
■■  the  wife,  could  not  intervene  and  take  the  benefit  of  the  poKcy 
'"as  an  honest  and  upright  man  without  allowing  the  wife  the 
"  amount  of  the  premiums  paid  by  her.  It  is  put  quite  tersely 
'■  in  the  judgment  of  Far  well,  L.J.,  when  he  deals  with  the  case 
'■  of  the  \xiie  as  follows  :  "  He  knew  the  wife  was  paying,  and  he  let 
'■  '  her  go  on  paying,  and  said  nothing  to  her  to  lead  her  to 
"'  '  believe  that  he  was  going  to  claim  the  policy  moneys  at  the 
''  '  end  mthout  repapng  the  premiums  which  she  had  paid.' 
■■  That  was  the  principle  of  In  re  Tyler.  It  appears  also  in  the 
"  case  of  In  re  Hall,  Official  Receiver  ex  parte  (1907)  1  K.B.  875 
■'  {J.I.A.,  vol.  xli,  p.  413)  in  the  judgment  of  Farwell,  L.J. 
"  He  says  :  '  In  the  last  case  {In  re  Tyler)  for  example,  my 
"  '  judgment  proceeded  on  the  knowledge  of  the  trustee  in  the 
'■  '  banlvruptcy  of  the  existence  of  the  policies,  and  the  necessity 
"  '  for  paying  the  premiums,  and  the  fact  that  the  wife  was 
'■ '  paying  them.'  The  next  case  is  the  case  of  Tapster  v.  Ward 
•■  (1909)  101  L.T.  25,  503  {J. I. A.,  vol.  xliv,  p.  87),  a  decision  of 
"  Eve,  J.,  and  the  Court  of  Appeal.  Let  me  compare  the  facts 
"  of  that  case  with  the  facts  of  the  present  case.  In  that  case 
'■  the  policy  was  effected  before  the  liquidation.  The  policy  was 
"  concealed  from  the  trustee,  and  after  the  liquidation  had  been 
"■  closed,  premiums  Avere  paid  out  of  his  own  moneys  by  the 
'■  liquidating  debtor  from  the  year  1880  to  the  year  1907 — 
"  twenty-seven  years.  Now  in  this  case  it  is  quite  true  that  the 
"  policy  was  effected  during  the  liquidation,  and  the  fiist  premium 
"  was  paid  out  of  moneys  which  had  been  allowed  to  the  debtor 
"  by  the  trustee  in  respect  of  his  salary.  It  does  not  make  any 
"  difference  that  the  policy  in  Tapster's    case  had  been  effected 
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"  before  the  liquidation,  and  that  in  this  case  the  first  premium 
"  was  paid  on  the  policy  at  a  time  when  the  liquidation  had 
'■'  commenced.  It  is  not  disputed  that  every  contract  made 
'■'  on  and  before  the  liquidation  by  the  liquidating  debtor  is  the 
"  property  of  the  trustee.  If  that  is  so,  this  contract  of  insurance. 
"  although  the  liquidation  was  in  fact  proceeding,  was  the  con- 
"  tract  of  the  trustee,  and  if  the  trustee  had  known  about  the 
"  premiums  being  paid  out  of  the  debtor's  salary  the  trustee 
"  could  have  intervened,  and  said  :  '  I  want  this  policy.'  As 
"  regards  the  subsequent  payments  which  have  been  made 
"  from  the  discharge  in  1883  until  the  day  that  the  assm'ed  died 
"  in  July  1917,  they  are  exactly  the  same  as  the  payments  for 
"  the  policy  in  Tapster  v.  Ward ;  they  were  paid  out  of  the 
"  moneys  of  the  liquidating  debtor,  and  after  he  had  got  his 
"  discharge.  The  Coiu't  of  Appeal  there  refused  to  listen  to  the 
"  argument  that  the  trustee  ought  not  to  intervene  and  claim 

'■'  the  policy  moneys The  last  case  upon  the  point  is 

"  a  decision  of  myo\vn,  In  re  Phillips  (1914)  83  L.J.,  K.B.  1364. 
"  In  that  case  the  policy  had  been  effected  during  the  time  that 
"  the  bankrupt's  discharge  was  suspended  under  the  Banki'uptc}- 
''  Act,  1883,  and  subsequent  premiums  had  been  paid  by  him 
'"  until  he  became  a  bankrupt  a  second  time.  The  question  arose 
'■  whether  the  trustee  in  the  first  bankr'uptcy  could  claim  the 
"  policy  moneys  without  accounting  to  the  ti-ustee  in  the  second 
'■  banki"uptcy  for  the  premiums  which  had  been  paid  by  the 
'■'  bankr'upt  in  the  interval.  I  held  that,  as  the  trustee  in  the 
"'  first  banlauptcy  had  no  notice  whatever  of  the  payment  of 
'■  premiums,  he  was  not  bound  in  the  least  to  make  pro\dsion 
"  out  of  the  policy  moneys.  It  seems  clear  law  from  the  case 
"  of  In  re  Leslie,  Leslie  v.  Fre7ich  (1883)  52  L.J.,  Ch.  762,  that 
"  a  mere  volunteer  paying  premiums  has  no  right  to  treat  them 
'■  in  any  way  as  salvage  remuneration  to  him  for  keeping  the 
"'  policy  going.  I  think  this  rather  a  hard  case  for  the  lady,  but 
"  the  law  of  bankruptcy  seems  to  be  prefectly  clear.  In  this 
'■  case  the  policy  was  effected  after  the  liquidation  resolution, 
"  and  the  policy  belonged  to  the  trustee.  The  bankrupt  never 
'■  told  him  that  he  had  effected  it  ;  he  never  told  him  that  he 
"  was  pacing  any  premiums.  On  the  authorities  I  have  referred 
"  to  I  think  it  is  clear  that  the  policy  must  belong  to  the  Official 
"  Receiver.  I  declare  the  policy  to  be  part  of  the  estate  and  the 
'■  Official  Receiver  entitled  to  the  policy  moneys.'" 


1919.]  Legal  Notes.  351 

The  decision  of  Mr.  Justice  Sankey  in  the  case  of 
^p'ir^texta       Earl  Howe  v.  Commissioners  of  Inland  Revenue  (1918) 

respect  of  life  -r->n  i-i  ii*  10  — 

premium  paid      2  K.B.  o84,  reported  m  these  notes,  vol.  n.  p.  13o, 

under  contaract.  '         jr  '  -jt  ' 

has  now  been  reversed  by  the  Court  of  Appeal.  The 
appeal  is  reported  88  L.J.,  K.B.  821— C.A. 

The  facts  are  as  follows  : 

The  Finance  (1909-10)  Act,  1910,  section  66,  sub-section  2, 
enacts  that  for  purposes  of  super-tax  the  total  income  of  an 
individual  shall  be  estimated  in  the  same  manner  as  the  total 
income  is  estimated  for  the  purposes  of  exemption  under  the 
Income  Tax  Acts.  The  Income  Tax  Act,  1842,  section  163, 
pro\ndes  that  a  person  chargeable  to  income  tax  shall  be  exempted 
if  he  shall  prove,  "  according  to  the  several  rules  and  directions  " 
of  the  Act,  that  his  income  is  less  than  £150.  Section  164  provides 
that  a  person  claiming  exemption  imder  section  163  must  deliver 
a  declaration  of  '"  every  sum  of  annual  interest  or  other  annual 
'■  payment  reserved  or  charged  '"  on  his  income  "  whereby  the 
"  income  shall  or  may  be  diminished."  Section  190,  Schedule  G, 
with  the  rules  and  directions  therein  contained,  is,  in  making 
returns  of  annual  value,  to  be  observed  by  each  person  ;  and 
Rule  XNdi,  heading  3  thereof,  provides  that  he  must  make  a 
declaration  of  the  amount  of  the  interest,  annuities  or  other 
annual  payments  to  be  made  out  of  the  property  assessed.  The 
Finance  Act,  1916,  section  36,  sub-section  1,  abolishes  the 
abatements  allowed  in  respect  of  premiums  on  life  assurance 
policies  for  the  purpose  of  super-tax.  Earl  Howe  mortgaged 
his  life  interest  in  certain  estates,  and  also  assigned  certain 
pohcies  of  assurance  on  his  life  by  way  of  mortgage  and  fui'ther 
charge  to  an  assurance  company,  covenanting  to  pay  the  interest 
on  the  sums  advanced  and  the  premiums  on  the  policy.  In  case 
he  should  neglect  to  pay  the  premiums  he  empowered  the  com- 
pany to  pay  them  and  to  charge  them  upon  the  mortgaged 
premises.  Earl  Howe  had  always  paid  the  interest  on  the  sums 
advanced  and  the  premiums  on  the  policies,  and  claimed  to  be 
allowed  to  deduct  these  premiums,  as  being  annual  payments 
charged  on  his  income  from  his  income  for  the  purposes  of 
super-tax.  The  Commissioners  refused  to  allow  them  to  be  de- 
ducted. Sankey,  J.,  contrary  to  his  own  opinion,  but  follo^^-ing 
the  decision  of  the  majority  of  the  Irish  Com't  in  Massy  {Lord)  v. 
Inland  Revenue  Commissioners,  allowed  them  to  be  deducted. 
The  Commissioners  appealed. 

Their  Lordships  allowed  the  appeal.      They  said  that  the 
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premiums  were  not  "  annual  payments  "  within  the  Income 
Tax  Act,  1842,  sections  164  and  190,  Schedule  G,  Rule  xvii,  as 
only  annual  payments  from  which  income  tax  could  be  deducted 
by  the  payer  were  '"'  annual  payments  "  within  these  sections, 
and  that  the  premiums  could  not  therefore  be  deducted. 


A   decision  on   the   important   question   whether   a 
gakis^on^'^ "'"     Life  Assurance  Company,  which  has  not  been  charged 

Treasury  Bills  .  •*-         '  ^ 

Income  tIx?  ^^  mcome  tax  in  respect  of  its  profits  or  gains  under 
Case  1  of  Schedule  D,  should  be  subject  to  income 
tax  in  respect  of  the  profits  or  gains  aiising  from  the  sale  or 
maturity  of  Treasury  Bills  under  the  third  case  of  Schedule  D, 
w^as  given  in  the  case  of  National  Provident  Institution  v.  Brown; 
Provident  Mutual  Life  Assurance  Association  v.  Ogston,  T.L.R. 
35,  690. 

This  case  was  an  appeal  from  a  decision  of  the  Special  Com- 
missioners to  the  effect  that  such  profits  or  gains  were  assessable 
to  income  tax,  provided  this  source  of  income  had  not  ceased 
before  the  year  of  assessment.  Both  the  Institution  and  the 
Surveyor  appealed  against  the  decision  of  the  Special  Com- 
missioners and  the  case  was  heard  before  Mr.  Justice  Rowlatt, 
who  decided  that  such  profits  or  gains  were  assessable  to  tax, 
whether  or  not  there  had  been  any  similar  transaction  in  the 
year  of  assessment.    The  facts  of  the  case  are  as  follows  : 

In  each  of  the  years  ended  5  April  1916  and  5  April  1917  the 
Institution  bought  at  the  Bank  of  England  Treasury  Bills.  Some 
of  them  were  held  until  maturity.  Others  were  sold  in  the  open 
market  during  their  currency,  and  the  rest,  being  the  whole  of 
the  Treasury  Bills  then  held  by  the  Institution,  were  converted 
early  in  1917  into  Five  per-cent  War  Loan,  1929-47,  on  the 
terms  of  the  prospectus  issued  on  11  January  1917.  In  the  year 
ended  5  April  1918  the  Institution  did  not  hold  or  have  any 
transactions  in  Treasury  Bills. 

In  each  of  the  years  ended  5  April  1917  and  5  April  1918 
the  Institution  received  and  paid  interest,  from  which  income 
tax  was  not  deducted,  on  short  loans  to  and  from  bankers.  In 
the  year  ended  5  April  1918  the  Institution  received  interest  on 
Five  per-cent  War  Loan,  1929-47,  Stock  and  Bonds,  income  tax 
being  deducted  from  the  interest  on  the  bonds,  but  not  from 
the  interest  on  the  stock. 
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The  total  amount  of  the  difiereuce  between  the  amounts 
paid  and  the  amounts  received  bv  the  Institution  in  respect  of 
the  bills  held  to  matm'itv,  and  in  respect  of  the  other  bills  which 
were  sold  during  their  currency  in  the  open  market  in  the  year 
ended  5  April  1916  was  £5,422  lis.  Id.  In  the  year  ended  5  April 

1917  the  Institution  bought  Treasury  Bills  some  of  which  they 
held  to  maturity  and  others  of  which  they  converted  into  War 
Loan.  The  total  difference  between  the  amounts  paid  by  the 
Institution  and  received  by  them  in  that  year  was  £19,71-4  Ss.  M. 
There  was  also  an  item  of  £851  195.  &d.  the  difference  between 
the  interest  paid  and  received  on  short  loans  to  and  from  bankers. 
This  made  a  total  of  £20.566  8^.  for  the  year  ended  5  April  1917. 

The  Institution  was  not,  for  any  of  the  years  1916,  1917  and 

1918  assessed  to  income  tax  under  Case  1  of  Schedule  D  on  the 
balance  of  its  profits  and  gains.  For  the  year  ended  5  April  1916 
the  only  direct  assessment  made  upon  it  under  Schedule  D  of 
the  Income  Tax  Acts  was  for  income  from  foreign  securities. 
For  the  year  ended  5  April  1917  the  fii'st  of  the  assessments 
under  appeal  was  made  upon  the  basis  of  the  amount  of  the 
differences  between  the  amounts  paid  and  the  amounts  received 
on  Treasury  Bills  realized  within  the  preceding  year.  For  the 
year  ended  5  April  1918  the  second  of  the  assessments  under 
appeal  was  made  on  the  basis  of  the  amount  of  the  differences 
between  the  amounts  paid  and  the  amounts  received  on  Treasiuy 
BiUs  realized,  together  with  the  amount  of  the  difference  between 
the  interest  paid  to  and  the  interest  received  from  bankers  on 
short  loans  xs^ithin  the  preceding  year.  The  Institution  did  not 
dispute  its  liabihty  to  assessment  to  income  tax  for  the  year 
ended  5  April  1918  for  interest  on  short  loans,  on  the  basis  of 
the  net  amount  received  within  the  preceding  year,  and  the  only 
questions  raised  by  it  related  to  its  habihty  to  assessment  on  the 
differences  between  the  amounts  paid  and  the  amounts  received 
by  it  for  Treasury  Bills. 

It  was  contended  on  behalf  of  the  Institution  (a)  that  the 
differences  between  the  amounts  paid  and  the  amounts  received 
for  Treasury  Bills  were  an  accretion  of  capital,  and  not  income 
or  annual  profits  and  gains  chargeable  to  income  tax,  (6)  that 
the  tax,  if  assessable  at  all,  was  assessable  only  at  payment  of 
the  bills  on  maturity,  and  on  the  person  holding  them  at  that 
date,  and  that  the  bills  sold  or  converted  into  War  Loan  dming 
their  currency  should  be  left  out  of  account  in  computing  anv 
liability  on  the  part  of  the  Institution,  and  (c)  that  in  anv  case 
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the  assessment  for  the  year  ended  5  April  1918  could  not  be 
maintained,  as  the  Institution  did  not  hold  or  have  any  trans- 
action in  Treasury  Bills  in  that  year. 

It  was  contended  on  behalf  of  the  Surveyor  of  Taxes,  inter 
alia,  (a)  that  the  sums  in  question,  whether  received  on  maturity 
or  on  sale  or  conversion  of  the  bills,  were  profits  on  discounts 
chargeable  to  income  tax  under  the  third  case  of  Schediile  D  of 
the  Income  Tax  Acts  ;  (6)  that  a  person  was  liable  to  income 
tax  under  the  third  case  of  Schedule  D  on  the  basis  of  the  lull 
amount  of  the  profits  or  gains  arising  from  the  sources  comprised 
in  that  case  within  the  preceding  year,  whether  any  profits  arose 
to  him  from  such  sources  within  the  year  of  assessment  or  not  ; 
(c)  that  the  Institution  was  in  receipt  of  profits  of  a  description 
comprised  in  the  third  case  of  Schedule  D  in  each  of  the  years 
of  assessment  and  was  consequently  chargeable  to  income  tax 
under  that  case  in  each  of  those  years  on  the  basis  of  the  full 
amount  of  the  profits  or  gains  from  any  source  comprised  in  that 
case  within  the  preceding  year. 

Mr.  Justice  Rowlatt,  in  the  course  of  his  judgment,  said  : 
"  It  seems  to  me  in  each  case  that  one  must  look  at  the  real 
"  nature  of  the  transaction  and  see  whether  the  purchase  of  the 
"  future  obligation  at  a  discount  is  really  an  investment  of  money 
''  at  interest  or  not.  Now,  in  the  simple  case  of  the  purchase  of 
"  a  Treasury  Bill  bearing  no  interest  for  such  a  sum  as  with 
"  interest  at  such  and  such  a  rate  for  the  currency  of  the  bill 
"  will  give  the  face  value,  I  can  feel  no  real  doubt  that  the 
"  transaction  is  simply  one  of  lending  money  at  interest.  If  a 
"  twelve  months'  bill  for  £105  is  sold  for  £100,  surely  the  purchaser 
'"  simply  lends  £100  for  a  year  at  5  per-cent.  If  the  face  value 
"  is  £100,  and  the  present  value  has  to  be  reached  by  a  sum  in 
"  proportion  not  giving  a  round  sum  in  sovereigns  as  the  result 
"  the  transaction  is  the  same.  Unfortunately  the  problem 
"  involved  in  these  appeals  is  not  confined  to  this  simple  case. 
"  In  the  first  place,  these  companies  have  been  assessed  in  the 
"  second  year,  not  merely  on  bills  purchased  and  reahzed  wdthin 
"  the  preceding  year,  but  on  difterences  between  the  amount 
"  received  in  that  year  and  the  purchase  price  given  before  that 
"'  year.  On  this  principle  a  twelve  months'  bill  bought  in  May 
'■  191-1,  and  paid  in  May  1915,  would  be  treated  as  pelding  the 
''  whole  of  the  profits  and  gains  represented  by  the  discount  in 
■'  the  year  ended  April  1915.  This  cannot  be  right.  This  is  a 
"  practical  matter,  and  cannot  be  treated  as  adjusted  by  com- 
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"  pensation  over  a  series  of  years.  In  the  first  place,  the  rate  of 
"  tax  may  change  so  that  it  is  material  to  be  exact  in  determining 
"  in  what  year  the  income  is  taxable.  Furthermore,  these 
'■  Treasury  Bills  were  sold  to  individuals  as  well  as  to  corporate 
"  bodies,  and  if  one  year  is  to  be  treated  as  bearing  what  is  really 
"  one  and  eleven-twelfths  of  a  year's  income,  the  difference  for 
"  supertax  or  abatement  purposes  may  be  of  great  importance. 
'■  I  am  not  insensible  of  the  difficulty  of  treating  interest  accrued 
"  but  not  encashed  as  profits  of  the  year  when  the  question  is 
"  not  of  taxing  a  trading  concern  on  the  profits  shown  by  its 
"  balance  sheet,  but  of  taxing  interest  or  discounts  as  such. 
■'  Still,  the  step  must,  as  it  seems  to  me,  be  taken.  The  difficulty 
"  of  adjustment  as  between  the  years  does  not  lead  me  to  modify 
"  my  view  that  the  profit  in  itself  is  taxable  as  an  annual  profit 
■ '  or  gain. 

■■  A  more  formidable  complication  arises  where  the  Treasury 
"  Bill  is  not  bought  from  the  Government  or  is  not  held  to 
"  maturity,  but  is  either  bought  or  sold  in  the  market,  or  both. 
'■  I  treat  the  so-called  conversion  of  a  Treasury  Bill  into  War 
■■  Loan  as  being  in  substance  as  it  was  in  form  a  sale  to  or  a 
"  discount  with  the  Government  at  a  price  representing  the 
'■  original  price  plus  the  proportion  of  interest  or  discount 
"  accrued.  But  where  a  Treasury  or  any  other  bill  is  bought  or 
"  sold  in  the  market  the  price  depends  on  the  market  rate  for 
"  money.  A  person  who  has  held  the  bill  for,  say,  two  months 
■■  may,  in  a  period  of  pressure  affecting  himself  and  the  market 
"  generally,  have  to  dispose  of  it  at  a  price  involving  a  loss  of 
"'  the  whole  or  part  of,  or  more  than,  the  interest  for  the  time 
"  during  which  he  held  it.  Conversely,  in  times  of  ease,  he  may 
''  sell  it  at  a  profit  exceeding  that  interest,  consequently,  by  the 
'■  time  the  bill  matures,  the  bill  may  have  passed  through  the 
'•'  hands  of  half  a  dozen  persons  who  have  made  profits  out  of 
"  it  aggregating  a  larger  sum  than  the  difierence  between  the 
'  issue  price  and  the  face  value,  such  extra  profits  being,  of 
"  course,  exactly  equalled  by  losses  made  by  other  holders - 
"  How  is  this  situation  to  be  dealt  with  ?  Is  the  difference 
"  between  the  issue  price  and  the  face  value  to  be  treated  as  the 
'"  taxable  income  on  the  bill  and  to  be  all  assessed  on  the  holder 
''  at  maturity,  or  to  be  divided  among  the  successive  holders 
"  proportionately  to  their  periods  of  holding  ?  In  neither  case 
''  would  the  solution  correspond  with  the  truth.  They  have  not 
''  received  such  profits.    In  my  judgment,  the  matter  must  be 
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"  dealt  with  (subject  to  an  adjustment  between  the  years  as 
"  already  indicated)  in  the  way  the  Special  Commissioners  have 
"  dealt  with  it — that  is  to  say,  the  difference  between  the  amount 
"  paid  on  purchase  and  that  received  on  realization  must  be 
"  treated  as  a  profit  on  a  discount  within  the  second  rule  of  the 
*'  third  case.  If  any  holder  has  made  a  loss  he  drops  out  to  the 
*■'  extent  of  the  loss,  and  the  aggregate  of  the  difEerences  received 
"  will  bear  tax  to  the  Revenue,  even  though  that  aggregate 
"  exceeds  the  difference  between  the  original  purchase  or  issue 
^'  price  of  the  bill  and  its  face  value. 

''  This  disposes  of  the  appeals  by  the  companies  subject  only 
"  to  two  observations.  Some  of  the  bills  in  the  second  year  in 
"  the  case  of  one  of  the  companies  were  French  Treasury  Bills  of 
"  a  currency,  as  I  gather,  of  twelve  months  or  less  as  in  the  case 
''  of  the  British  bills.  Nothing  was  said  in  the  course  of  the 
"  argument  to  suggest  that  there  was  any  distinction  between 
"'  French  and  British  Bills  for  this  purpose,  and  I  treat  them, 
''  therefore,  as  covered  by  my  decision.  The  other  point  is  this. 
"  In  the  case  of  the  same  company  and  in  the  second  year  some 
'^^  of  the  documents  were  not  Treasury  Bills,  but  War  Expenditure 
"  Certificates.  The  case  gives  me  no  information  as  to  the  nature 
"  of  these  documents,  nor  do  I  remember  to  have  been  informed 
"of  it  at  the  Bar.  I  must  assumed  that  they  are  on  the  same 
"  footing  for  this  purpose  as  Treasury  Bills.  The  appeals  by  the 
"  companies  are  therefore  dismissed."' 

As  regards  the  appeal  of  the  Surveyor  of  Taxes  against  the 
Commissioners'  decision  relating  to  the  assessment  for  the  year 
ended  5  April  1918,  the  judge  ruled  that  "  in  the  case  of  profits 
"  from  discounts  there  is  no  existing  source  to  be  looked  for  in 
"  the  year  of  assessment,  in  order  to  support  the  tax,  and  the 
"  appeal  of  the  Crown  must  therefore  be  allowed." 
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Graphic  Method  of  ohtaining  the  Yield  on  a  Hedeemcdde 
Security.     By  0.  F.'Divek,  M.A.,  F.I. A. 

LiFT  OX,  OY  be  rectangular  axes  (Fig  1),  and  let  AB  be  a 
graph  of  the  function  d^^^  for  argument  i,  the  latter  being 
measured  from  0  along  OX.     Then,  if  P  be  a  point  on  the 
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graph  corresponding  to  a  particular  value  i  of  the  argument^ 
and  PN  be  drawn  perpendicular  to  the  base-line  OX, 

PN'  =  a-^  for  the  value  i  =  OX. 


Prenxuun. 


M.        N. 
Dlscoxirvt. 


Fi^l. 


On  OX  take  another  point  M,  where  OM  =  f/.  Join  MP, 
and  produce  it  to  meet  at  Q  the  line  QR  parallel  to  OX  at  a 
distance  C  from  it.  Draw^  MR  parallel  to  OY  meeting  QR 
in  R.     Then  MR=:C. 

By  similar  triangles  MRQ  and  PXM, 

QR:MR  =  MN:PN, 

or  QR  — C(.g— t)«„j. 

Now,  if  we  have  a  security  redeemable  at  C  n  years  hence, 
and  paying  an  annual  dividend  f/C  in  the  meantime,  this 
equation  shows  that,  Avhen  the  security  is  valued  at  the  rate  i, 
QR  is  the  premium  over  the  redemption  price  C,  or  th& 
discount  below  it,  according  as  gr  >  or  <  i,  or  as  Q  lies  to  the 
left  or  right  of  R. 

Inversely,  if  QR  is  the  premium  or  discount,  and  MR  the 
redemption  price,  the  line  MQ  Avill  cut  AB  at  the  point  P, 
whose  abscissa  ON=i,  the  yield  on  the  security.  Thus,  if  we 
draw  a  series  of  graphs  of  a^~  on  squared  paper  for  various 
values  of  n,  we  can  obtain  in  this  way  the  yield  on  any  security 
redeemable  at  a  fixed  price  in  any  given  number  of  years, 
and  paying  any  given  rate  of  dividend.  If  a^f!*  is  used  instead 
of  a„,  for  the  graphs,  the  method  Avill  be  applicable  to  the 
almost  universal  case  of  half-yearly  dividends,  and  the  yield 
will  be  given  in  the  form  of  a  nominal  annual  rate  convertible 
half-}?  early. 

The  method  also  lends  itself  to  the  calculation  of  net  rates 
of  yield,  after  allowing  for  income  tax^  as  it  is  equally  easy  to 
use  with  crross  or  with  net  rates  of  dividend. 
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There  is  more  tlian  one  practical  method  of  finding  the 
point  P  without  actually  drawing  the  line  QM  on  the  diagram. 
As  it  will  be  found  convenient  in  practice  not  to  measure 
PN  or  MR  on  the  same  scale  as  ON,  or  as  each  other,  let  us 
suppose  that  on  the  scale  on  which  ON  is  measured, 

PN=//r/|^  and  MR  =  7?iC 

where  I  and  m  are  constants. 

Then,  if  /.;  is  the  premium  (or  discount,  if  negative),  the 

equation  shows  that  QR=y/v.     E.g.,  if  /  =  0"1,  and  m  =  0'01, 

then  QR  =  /c^lO. 

Now,  if  we  take  first  for  simplicity  the  case  of  a  security 
redeemable  at  par,  QR  will  be  a  horizontal  line  drawn  on  the 
diagram  at  distance  m  from  OX.  If  a  scale  of  rates  of  interest 
be  written  in  along  this  horizontal  line,  corresponding  to  that 

along  the  base-line   OX,  Q  lies  at  the  point  g  — ^  7v  on  this 

scale.  A  ruler  or  straight-edged  card  may  now  be  placed,  so 
as  to  pass  through  the  point  g  on  the  base-line,  and  the  point 

g ^/i:  on  the   horizontal  line.     It  will   then   cut   the   graph 

corresponding  to  the  outstanding  term  n,  at  the  point  whose 
abscissa  is  i.  The  yield  may  then  be  read  off  by  carrying  the 
eye  to  one  of  the  interest  scales. 

If  the  security  stands  at  a  discount,  k  is  negative,  and 

g jk  is  greater  than  g,  so  that  Q  will  lie  to  the  right  of  E. 

6 


Fiq    2. 
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Fig.  2  gives  an  example  of  the  case  of  a  5  per-cent  Bond, 
redeemable  at  par,  and  now  standing  at  a  discount  of  7  per- 
cent, just  after  an  interest  date.  In  this  figure  the  values 
taken  above  for  I  and  m  a^-e  used,  so  that  the  ruler  has  to  pass 
through  the  point  6  7  per-cent  on  the  horizontal  line. 

This  is  the  most  obvious  method,  and  the  modifications 
necessary  in  the  case  of  a  security  not  redeemable  at  par  will 
readily  occur  to  anyone  sufficiently  interested  to  try  the 
method  practically. 


E.  D. F. 

DISCOUNT  PREMIUM. 


I 


Fi^S. 


The  writer  has  found  by  practical  experience  that  the 
following  alternative  method  of  placing  the  straight-edge  is 
somewhat  quicker,  especially  if  the  security  is  not  redeemable 
at  par.  For  this  we  require  a  specially  shaped  ruler 
(see  Fig.  3),  with  a  straight  edge  EDF,  and  a  transverse 
arm  DGr,  the  edges  EF  and  DG  being  at  right-angles  to  one 
another.  Along  DE  a  scale  of  discount  is  marked  off,  along 
DF  one  of  premiums,  and  along  DGr  one  of  redemption  prices, 
all  scales  being  measured  from  zero  at  D,  the  middle  point  of 
the  edge  EF.  In  this  method  no  horizontal  line  is  required 
on  the  diagram,  except  the  base  line. 

Fig.  4  shows  how  this  method  works  in  practice  for  the 
same  example  as  before,  namely,  a  5  per-cent  Bond  redeemable 
at  par,  and  now  standing  at  a  discount  of  7  per-cent  just  after 
an  interest  date. 

The  ruler  is  placed  on  the  diagram,  so  that  the  straight 
edge  EF  cuts  the  base  line  at  5  per-cent  on  the  interest  scale 
as  before,  but  so  that  the  base  line  also  cuts  the  straight  edge 
at  the  7  on  the  discount  scale.  The  ruler  is  manipulated  till 
the  base  line  also  cuts  the  scale  of  redemption  prices  (DGr) 
at  100  (T).  The  straight  edge  now  cuts  the  graph  at  the 
required  point. 
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r*iq.4-. 


In  the  special  case  of  a  securit}"  not  redeemable  at  par, 
it  is  only  necessary  to  substitute  for  the  nominal  rate  of 
dividend  the  equivalent  rate  calculated  on  the  redemption 
price,  and  to  adjust  the  ruler  so  that  the  base  line  cuts  the 
scale  of  redemption  prices  at  the  actual  price  instead  of  100. 


Premliun.  . 


Fig  5. 

The  theory  of  this  method  is  as  follows.  In  Fig.  5  the 
lines  EDF  and  DG  correspond  to  the  similarly  named  lines  in 
Fig.  3,  and  represent  the  respective  scales  on  the  ruler.     If  T 
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be  tlie  point  on  the  scale  DG  corresponcling  to  the  retleinptioii 
price  C,  tlieii  from  tlie  similar  triangles  TDM  and  PN^[ 

J)M  :DT  =  MX:PX. 

If  we  suppose,  as  l)efore,  that  1*X  =  Z/'/"',  and  DT=//iC, 

-then  DM=  '''  x  C{g-i)c,f=  j  x  /.-, 

so  that  DM  is  proportional  to  the  premium  or  discount. 

It  will  be  found  convenient  in  practice  to  take  the 
horizontal  and  vertical  scales  of  the  diagram  in  the  ratio  10:1, 
in  order  to  reduce  it  to  manageable  dimensions.  In  other 
words  Ave  take  l-O'l.  In  this  case  the  scale  used  on  the 
ruler  for  discount  or  premium  must  also  be  ten  times  that  used 
for  the  redemption  price,  but  there  is  no  need  for  them  to  bear 
any  particular  ratio  to  the  scales  used  for  the  diagram. 

The  graphs  are  hardly  distinguishable  from  straight  lines 
for  practical  values  of  ?',  and  after  points  have  been  plotted 
for  multiples  of  1  per-cent  up  to  about  20  years,  and  pei'haps 
multiples  of  i  per-cent  thereafter,  they  may  be  joined  vvith 
41  ruler. 

It  is  unnecessary  to  include  the  origin  in  the  diagram,  and 
the  graphs  may  be  drawn  between  two  convenient  limiting 
rates  of  interest.  In  these  days  gross  rates  of  yield  may  be 
very  high,  while  net  rates  of  dividend,  after  deducting 
income  tax,  may  be  veiy  Ioav,  so  that  a  considerable  range  is 
required. 

Graphs  may  be  drawn  for  every  half-year  for  the  lower 
values  of  n,  and  at  progressively  increasing  intervals  thereafter, 
for  the  curves  get  closer  together  as  u  increases.  If  no  graph 
has  been  drawn  for  the  particular  value  of  n  required,  a  rough 
iutei'polation  can  be  made  by  the  eye.  For  small  values  of  ?i 
the  graphs  are  wide  apart,  antl  it  rray  be  found  necessary  to 
omit  the  lowest  values,  e.g.,  .\  and  1  A^ear. 

On  a  diagram  di'awn  to  the  scales 

I  inch  =  "0005  horizontally 
and  ='005  vertically, 

which  the  writer  has  used  constantly  for  many  years,  the  yield 
can  with  care  be  read  off  with  an  error  that  seldom  exceeds 
one  penny  per-cent.  U.sed  rapidly  it  can  proljubly  be  trusted 
to    the    nearest    multiple    of    '3d.   per-cent,    which    is    amply 

VOL.  LI.  2   D 
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sufficient  for  ordinary  purposes.     A   smaller   scale,   in    fact, 
might  well  be  used. 

A  good  scale  for  use  with  paper  divided  into  tenths  of  an 
inch  would  be  : — 

for  the  diagram  : —  J^  iuch  =  "0005  horizontally 
and  =  005  vertically. 

for  the  ruler  : — 10  premium  or  discount,  or  100  redemption 
price  =  2  inches. 

A  diagram  for  rates  of  interest  ranging  from  2  to  10 
per-cent,  and  for  terms  of  li  years  and  upwards  would  then 
measure  16  inches  square,  and  the  ruler  could  be  made  to  read 
up  to  40  premium  or  discount  without  being  inconveniently 
long. 

The  advantages  of  the  method,  when  great  accuracy  is  not 
required,  are  the  rapidity  with  Avhich  it  can  be  used,  the 
absence  of  tedious  computations  when  a  large  number  of 
results  are  required,  and  its  equal  applicability  to  gross  and 
net  rates,  and  to  securities  redeemable  at  par  or  otherwise. 


The  Valuation  of  Victory  Bonds  held  to  paij  Estate  Duty. 

XHE  Victory  Loan  is  repayable  at  par,  with  interest  at 
2  per-cent  half-yearly,  by  means  of  a  half-yearly  annuity  of 
2j  per-cent  on  the  original  amount  of  the  loan.  The  sum 
available  each  year  for  repayment  of  principal  is  to  be  applied 
in  redemption  of  bonds  by  annual  drawings  at  the  end  of  the 
year. 

If  the  drawings  were  half-yearly,  the  term  of  the  loan 
would  be  almost  exactly  55 1  years.  Under  the  actual 
conditions  the  operation  of  the  sinking  fund  will  depend  to  a 
small  extent  upon  how  much  interest  is  earned  in  the  second 
half  of  the  year  on  the  balance  of  the  first  half-year's  annuity 
after  payment  of  interest.  It  is  impossible  therefore  to  state 
precisely  the  amounts  that  will  be  drawn  for  repayment  each 
year.  For  practical  purposes  it  may  be  sufficiently  accurate 
to  assume  that  the  amounts  outstanding  at  the  ends  of  1,  2,3^ 
&c., years,  will  be  in  the  proportions  a^ ,  a^ ,  a&s  ,  &c.,  calculated 
at  4  per-cent. 

On  that  assumption  the  present  value — say,  a^vB — fit  rate  i 
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of  an  annuity  on  tlio  joint  existence  of  a  person  aged  x  and  a 
bond  Avill  be  at  date  of  issue 

or  {«..^;-l-04-^^a'..aTi-/{l-^-0^"''}* 

and  after  t  years 

or  {a,a5^-l-04-(--0a',,5^}/{  I  -1  04-(5^-')} 

where  a   is  at  the  rate  corresponding  to  i-'=:l"04r. 

If  ■i  =  -04,  a  becomes  e.  Also  in  many  cases  the  temporary 
annuity  becomes  a  Avhole-life  annuit3\ 

The  following  are  a  few  examples  of  the  value  of  o^vb  at 
date  of  issue  : 


a- 

4% 

5% 

6% 

50 

11-694. 

10  666 

55 

10-4I0 

9-607 

60 

9-071 

8-433 

Ho 

7-6:59 

7-170 

70 

6-207 

5-882 

5-589 

75 

4-847 

4-634 

4-441 

80 

3-621 

3-492 

3-371 

85 

2-574 

2-5U1 

2  431 

On  the  assumption  that  the  bondholder  will  be  liable 
throughout  for  income-tax  at  6^*?.  in  the  £,,  the  net  half-yearly 
interest  on  the  bonds  is  1"4  per-cent,  of  which  the  yearly 
equivalent  is  2'828  at  4  per-cent^  2*835  at  5  per-cent,  or 
2842  at  6  per-cent. 

Hence,  if  it  be  assumed  that  a  bond  will  be  applied  to  pay 
estate  duty  (if  not  previously  redeemed)  at  the  end  of  the 
year  of  death,  its  net  4  per-cent  value  at  date  of  issue  to  a 
subscriber  aged  50  is  2'828(i5o.  vb+  l'^2-828A-o.vn  fit  4  per-cent, 

*  Mr.  lji(l--tone,  who  indepeiiiientlj  iuvcstipatcd  the  pi-oblem  on  similar 
lines,  points  ont  that  the  result  niay  he  put  into  the  fonowiiig  form.  v\here 
y  =  tlie  rate  of  interest  on  the  bond  and  z  the  initial  annual  i-ate  of  the  sinking 
fund : — 

z  z       z 

a—  -(a'  —  a)  or  a  (1  +  -.)  — :a'. 

J  J       J 

In  th"  ivesent  case  7  =  -01;  3=00),  and  tlie  result  at  the  outset  is 
l-125a  — •125a'. —  Eds.  J. LA. 

2  D  2 
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which  =85"7.  Similarly  the  net  6  per-cent  value  at  date  of 
issue  to  a  subscriber  aged  75  is  83*8. 

Five  years  after  the  date  of  issue  it  will  be  found  tluit  the 
net  4  per-cent  value  to  a  holder  then  aged  55  will  be  87'3. 

The  following  examples  of  approximate  net  yields  at  date 
of  issue — on  the  basis  of  6.*.  tax — may  be  of  interest : 


REVIEWS, 


Pensions  for  Hospital  Officers  (Did  Staffs  :  Report  of  a  Suh-Conuniltee 
of  the  Executive  Committee  of  King  Edward's  Hospital  Fund  for 
London. 

rC.  &  E.  L-iytoii  uikI  Geo.  Harl.er.      I'.ill).     7.v.  Cd.' 

Ix  April,  1914:,  the  Executive  Committee  of  King  Edward's  Hospital 
Fund  for  London  appointed  a  Special  Committee,  consisting  of 
Mr.  AV.  J.  H.  Whittall.  Sir  William  J.  Collins,  and  Mr.  Henry  L. 
Hopkinson,  to  enquire  into  the  question  of  pensions  for  Hospital 
Officers,  and  the  result  of  their  investigation  has  now  been  published 
in  a  Eeport  which  contains  much  that  is  of  considerable  interest 
from  an  actuarial  point  of  view. 

The  first  part  of  the  Report  deals  with  the  existing  provisions 
for  jDensions  at  London  voluntary  hospitals  to  which  it  is  hardlv 
necessary  to  refer.  The  second  part  gives  a  valuable  account  of  the 
various  ways  in  which  pension  funds  can  be  arranged,  with  a 
number  of  examples  showing  how  these  plans  have  worked  in 
practice.  This  part  of  the  Report  is  largely  historical,  but  Ave  do  not 
remember  to  have  seen  a  clearei  statement  in  general  terms  of  the 
various  schemes  that  have  been  adopted  in  one  form  or  another  ; 
it  affords  a  most  helpful  introduction  to  anyone  who  may  wish  to 
make  a  study  of  the  subject. 

With  the  parts  of  the  Report  mentioned  above  all  the  members 
of  the  Committee  were  in  agreement  ;  but  when  it  came  to  the 
choice  of  a  method  suitable  to  the  particular  case,  Mr.  Whittall 
and  ^Ir.  Hopkinson  recommended  that  pensions  should  be  obtained 
through  insurance  companies,  while  Sir  William  Collins  preferred  a 
Pension  Scheme  arranged  on  a  system  by  which  a  fund  was  to  be 
set  up  for  the  officers  and  staffs  concerned. 

The  problem  which  the  members  of  the  Committee  had  to  face 
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■was  by  no  means  an  easy  one,  because  hospital  officers  are  employed 
by  various  authorities  under  different  management,  and  it  was 
advisable  to  make  arrangements  to  facilitate  transfer  from  one 
body  to  another  without  loss  of  pension  rights  and  to  make  this 
arrangement  so  that  while  the  pension  is  adequately  guaranteed 
either  by  an  insurance  office  or  by  some  central  fund,  there  was  no 
interference  with  the  employer's  authority.  But  apart  from  this 
special  difficulty,  pension  schemes  of  any  kind  are  sufficiently 
difficult.  If  the  pension  be  fixed  it  can  be  provided  by  regular 
contribution  until  the  pension  age  is  reached  ;  or  it  can  be  left  for 
consideration  when  it  actually  has  to  be  paid  ;  but  even  although 
it  is  comparatively  easy  to  be  convinced  that  the  former  is  the 
better  plan,  we  are  always  faced  with  the  difficulty  of  providing  for 
the  pensions  that  have  accrued  in  respect  of  past  service,  and  even 
if  we  have  surmounted  this  difficulty  there  is  the  doubt  whether 
the  assumed  scale  of  salary  wall  not  be  upset  by  a  sudden  alteration 
in  salaries,  such  as  has  arisen  recently  owing  to  increased  remunera- 
tion as  the  result  of  the  greater  cost  of  living  consec|uent  upon  the 
war.  There  is  also  the  difficulty  in  the  particular  case  that  the 
scales  of  salary  by  different  emplopng  bodies  may  differ  considerably, 
and  it  needs  but  little  imagination  to  see  the  many  difficulties  that 
would  arise  subsequently  if  a  fund  had  been  set  up  on  such  a  basis. 
In  the  circumstances,  therefore,  probably  every  actuary  would  have 
agreed  that  one  or  other  of  the  courses  proposed  by  the  members  of 
the  Committee  should  be  adopted. 

Perhaps  in  some  respects  the  simplest  plan  is  to  arrange  for  the 
pensions  through  Insurance  Offices  ;  but  there  are  many  objections, 
and  although  they  are  in  no  way  shirked  in  tlie  Majority  Report,  it 
is  well  that  they  should  be  explained.  The  first  obvious  difficulty  is 
with  regard  to  a  choice  of  the  kind  of  insurance  that  should  be 
effected,  and  apparently  the  scheme  which  was  particularly  in  the 
minds  of  Mr.  Whittall  and  Mr.  Hopkinson  was  that  of  the  Federated 
Superannuation  System  for  Universities.  This  system  cannot  be 
described  as  simple.  It  is  arranged  with  a  number  of  offices  and  by 
various  kinds  of  policies  ;  it  necessitates  a  number  of  increment 
policies  from  time  to  time  as  salaries  are  altered,  and  annuity  rates 
are  guaranteed  in  respect  of  endowment  assurances  when  the 
policies  mature  ;  so  that  the  scheme,  while  pleasing  in  its  variety, 
leaves  the  same  feeling  of  bewilderment  as  results  from  attempting 
to  decide  upon  a  suitable  form  of  insurance  from  an  overcrowded 
prospectus  of  a  Life  Insurance  Company.  We  must  confess  that  we 
have  very  little  sympathy  with  such  complications  and  there  is  no 
need  to  Link  them  with  the  purchase  of  pensions  from  insurance 
companies.  As  the  object  of  a  pension  scheme  is  to  provide  pensions, 
and  as  a  member  of  a  staff'  can  provide  his  own  insurance  through 
the  usual  channel  the  simplest  arrangement  is  to  provide  pensions 
by  means  of  deferred  annuities,  either  with  or  without  return  of  con- 
tributions in  the  event  of  death.  Even  such  an  arrangement,  however, 
leases  out  of  account  the  difficulty  of  making  proper  provision  for 
pensions  in  the  event  of  early  disablement.     If,  for  instance,  an 
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©fficer  breaks  down  at  age  40,  some  form  of  pension  has  to  be 
provided,  and  no  insurance  scheme  that  has  yet  been  devised  will 
help.  Mr.  F.  L.  Collins,  who  gave  some  interesting  information  to 
the  Committee,  showed  how  by  "  nursing  "  insurance  policies  it 
would  be  possible  for  a  central  fund  to  make  provision  in  this  respect. 
But  if  a  central  fund  has  to  be  set  up  for  such  a  purpose,  one  is 
naturally  turned  in  the  direction  of  Sir  William  Collins'  dissentient 
opinion,  that  it  would  be  best  to  use  a  central  fund  only  and  not 
go  to  the  insurance  companies  at  all. 

We  can  now  turn  to  what  is,  from  the  actuarial  point  of  view, 
])erhaps  the  most  interesting  part  of  the  work.  This  is  Mr.  T.  Tinner's 
.suggestion  of  a  "money  purchase  scheme",  which  is  to  provide  pensions 
not  only  at  the  retiring  age,  but  also  on  previous  invalidity.  The 
underlying  theory  is  that  a  sum  of  £1  paid  at  any  age  will  provide 
a  pension  of  £p  a  year  at  the  pension  age  or  earlier  retirement,  and 
it  shows  how  the  pensions  compare  with  those  that  are  reached  by 
the  ordinary  salary  scale  method.  Broadly  speaking,  he  found  that 
the  retiring  allowance  on  early  invalidity  was  somewhat  greater 
than  would  be  given  under  the  ordinary  salary  scale  arrangement 
of  the  old  civil  service  scheme  (a  sixtieth  of  final  salary  for  each 
year  of  service,  with  a  maximum  of  40-sixtieths).  He  also  found 
that  those  who  came  in  at  a  very  early  age  and  continued  to  the 
latest  age  at  which  they  can  be  pensioned  ought  to  receive  a  larger 
pension  than  that  paid  under  the  salary  scale  system.  The  advan- 
tages of  such  schemes  are  that  they  avoid  all  the  difficulties  connected 
with  salary  scales,  and  are  therefore  far  less  likely  to  lead  into 
insolvency  ;  they  get  round  all  the  difficulties  that  result  from  a 
number  of  employing  bodies,  and  although  it  is  not  easy  to  set  out 
the  particulars  in  the  form  which  conveys  quickly  the  pension  to 
which  a  person  would  be  entitled,  it  would  be  easy  to  convince  any 
contributor  that  each  payment  purchases  a  reasonable  amount  of 
pension.  The  objections  are  that  people  are  not  accustomed  to 
"money-purchase  systems",  and  prefer  pensions  to  be  fixed  in 
amount  or  fixed  as  a  joroportion  of  salary.  Probably  similar  systems 
have  been  suggested  by  other  actuaries,  and  in  the  simple  form 
without  the  invalidity  l^enefit  it  has  of  course  been  adopted  in  many 
cases  ;  but  we  feel  that  considerable  credit  is  due  to  Mr.  Tinner  for 
the  way  he  has  set  out  the  scheme,  and  it  is  to  be  hoped  that  at 
some  future  date  he  may  give  a  somewhat  fuller  discussion  of  his 
data  and  methods. 

Although  there  is  a  Main  Eeport  and  a  Dissentient  Memorandum, 
we  are  inclined  to  think  that  there  is  not  a  grave  diflerence  of  opinion 
between  the  various  members  of  the  Comiiiittee.  If  we  read  the 
Report  correctly,  Mr.  Whittall  and  Mr.  Hopkinson  reject  the  mutual 
principle  largely  because  they  feel  that  there  is  an  absence  of  financial 
guarantee  which  the  hospitals  themselves  cannot  give  and  which 
King  Edward's  Hospital  Fund  may  be  either  unwilling  or  unable 
to  provide.  The  reader  will  find  both  sets  of  views  so  well  exjjressed 
that  his  sympathies  will  in  turn  be  with  everyone  concerned. 

The  whole  Report  is  well  worth  reading.     It  has  the  merit  of 
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being  well  jDrinted  and  well  set  out,  and  the  dift'erence  of  oiDinion 
between  the  members  of  the  Committee,  although  it  was  no  doubt 
not  what  anyone  of  them  would  have  wished,  adds — it  must  be 
confessed — a  little  zest  to  the  reading. 

^\.  p.  E. 


Jrtuarktl  Sfiiilic.'i :  Xo.  1,  Sources  and  Cliaraderisfics  of  fhe  Principal 
Mortality  Tables.  Pp.  79.  Xo.  4,  Graduation  of  Mortality  and 
other  Talk's.     Pp.  82. 

[Actiuirial  Society  of  America:  346,  Broadway,  New  York.     1919.] 

The  publication  of  this  series  of  essays  is  an  event  of  considerable 
importance  in  the  history  of  actuarial  education,  and  its  progress 
will  be  followed  with  much  interest  by  all  English-reading  actuaries. 
Being  Avritten  by  American  actuaries  primarily  for  American  students, 
the  essays  will  no  doubt  present  certain  difterences,  in  point  of  view 
and  treatment,  from  any  similar  series  which  might  be  compiled  in 
the  United  Kingdom — differences  which  will  probably  be  more 
marked  in  the  essays  dealing  with  the  practical  application  of 
actuarial  principles  to  life  assurance  business  (with  valuations  and 
the  distribution  of  surplus,  for  example)  and  to  social  insurance  than 
in  those  of  a  more  theoretical  character — but  they  must  necessarily 
cover  a  good  part  of  fhe  ground  that  would  l)e  covered  bv  a  Text- 
Book,  Part  III. 

In  Xo.  1  of  the  series  ]Mr.  Henry  Moir  and  his  associated  con- 
tributors have  written  as  interesting  an  essay  as  could  reasonably  be 
•expected  on  a  rather  dull  subject.  The  short  accounts  of 
Dr.  S Prague's  Select  Tables  (in  which  four  original  features  are 
specially  commended,  namely,  the  use  of  a  common  radix,  the 
junction  with  the  H^^"*  Table,  the  introduction  of  osculatory  inter- 
polation, and  the  development  of  a  scheme  of  notation)  and  of  the 
British  Offices'  Tables  are  good  and  useful.  But  the  sections  to 
which  students  in  this  country  will  turn  with  most  interest  are 
those  dealing  Avith  the  various  American  Tallies.  It  is  rather 
remarkable,  in  view  of  all  the  work  tliat  A.mcrican  actuaries  have 
<lone  on  mortality  statistics,  that  there  should  have  been  no  U.S. 
]topulation  tcibles  worth  mentioning  until  the  1910  Table,  and  no 
select  tables  until  the  M.  A.  In  connection  with  the  latter  table  the 
statement  that  being  based  on  policies  "  it  should  not  be  applied  to 
'■  the  solution  of  financial  problems  since  mortality  rates  are  higher 
"  when  based  upon  amounts  insured  "  seems  to  us  obscure  :  there 
are  many  financial  problems  to  which  a  table  based  on  policies  is  at 
least  as  applicable  as  one  based  on  amounts.  Another  incidental 
comment  that  appears  open  to  question  is  the  criticism  that  in  the 
British  Offices  Experience  the  inclusion  of  the  "  Old  Assurances  " 
had  the  efiect  of  introducing  an  increased  number  of  lion-select  and 
aged  lives,  and  consequently  of  making  the  aggregate  mortality  curve 
"  unduly  steep  "  after  middle  life  :  the  true  ground  of  objection 
(if  any)  to  the  inclusion  of  the  "  Old  Assurances"  would  seem  to  be 
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rather  that  they  belonged  to  an  earlier  generation,  and  that  the 
Experience  as  a  whole  would  have  been  more  homogeneous  if  it  had 
been  restrieted  to  the     New  Assurances." 

Xo.  4,  to  which  ]\Ir.  Rolx'rt  Henderson  is  the  princiiial  contriljutor, 
deals  with  a  subject  of  more  academic  interest  and  admitting  of  more 
originality  of  treatment.  It  is  perhai»s  somewhat  too  condensed  for 
a  text-book,  but  it  will  undoubtedly  be  veiy  helpful  to  the  best 
students — whether  Ijcfore  or  after  their  examinations — and  to 
teachers.  The  general  method  of  treatment  is  as  folloAA's  :  After  a 
short  introduction  on  the  reasons  for  graduation,  tVc.,  the  four  classes 
of  methods — graphic,  interpolation,  summation,  and  mathematical — 
are  successively  discussed,  each  being  applied  incidentally  for  purposes 
of  illustration  to  the  graduation  of  a  limited  and  very  irregular- 
experience,  namely,  the  (3'''^'"\  and  in  conclusion  the  four  graduations- 
are  compared  in  respect  of  smoothness  and  agreement  with  the  data. 
The  graduations  and  comparison  should  of  course  1)6  understood 
by  the  student  to  be  entirely  of  the  nature  of  an  example.  Clearly 
no  method  of  graduation  can  discover  the  true  law  of  such  scanty 
data,  and  in  the  absence  of  a  jirimi  evidence  in  favoui-  of  some 
specified  law  such  as  Makeham's  it  would  pro1>ably  l)e  best  in 
practice  to  graduate  with  reference  to  some  similar  data  of  greater 
extent. 

In  the  aiiplication  of  the  interpolation  method  to  the  illustrative 
experience  (p.  22),  a  3r'l-diffcrence  formula  including  tive  values 
of  ^o  {i.e.,  25-terms  of  the  original  series)'^  is  used  for  determining 
the  pivots,  instead  of  a  strict  interpolation  formida.  The  precise 
nature  of  the  course  adopted  might  have  been  explained  with 
advantage,  since  it  involves  a  material  departure  from  Mr,  King's 
method  as  defined  on  p.  7,  and  as  descril)ed  on  pp.  18-21,  and  also 
because  it  introduces  the  important  principle  of  the  reduction  of 
mean  square  error.  American  students  will  probably  he  familiar 
with  Mr.  Henderson's  ''  Mortality  Laws  and  Statistics  "  (to  Avhich, 
however,  no  references  are  given),  but  by  other  readers  the  point  of 


*  Let  u„=jm\,  +  qic^r^+ rw^io,  where  v:j:=iix^-2  +  •  ■  •  +  ''j:-rj- 

(1)  Assuming  otli    differences   of  «   to  Le  constant  we  obtain    Mr.   Kini^'s^ 
interpolation  formula  iiia  (J. I. A.,  vol.  xliii,  p.  114). 

(2)  Assuiuintr  iJrd  differences  to  be  constant  we  can  determine  j),  q,  r,  so  as- 
tx)  satisfy  one  additioiial  condition. 

(a)  Making    the    sum    of  tlit;    squares   of   the   coefficients   a    minimum,    we 

obtain  the  "  best"  value  of  ii,  namely, 

(69e«\,  +  488(f  +  5-136/i';]o)/7000. 

H-  (the  reduction  of  mean  square  error)  =  "lOlS. 

Tl>e  iiiiuiunnn  value  of  II-  foi- a  range  of  25  teiins  is   000  (J. I. A., 
vol.  xlviii,  p.  407j. 

(b)  Putting  p  =  q,  we  obtain  the  formula  used  by  Mr.  llendcrsou 

(olico  +  ol't'rs— l^«'z'o)  625 

K-=1050. 

(r)   Puttinsr  r  =  Q,  we  obtain  ili'.  King's  interpolation  formula  Va 

K-  =  -2340. 
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the  formula  may  Avell  be  missed.  The  formula  is  unquestionably  a 
good  foi  inula  of  its  kind,  Itut  if  a  coml»ination  of  the  adjusted-average 
and  interpolation  methods  is  to  be  employed  there  would  seem  to  be 
no  reason  why  the  best  adjusted-average  formula  should  not  be  used^ 
nor  Avhy  the  restriction  of  an  initial  summation  in  fives  should  not 
be  removed  when  the  figures  for  individual  ages  are  available. 
Pos^bly  this  may  be  contemplated  in  the  brief  further  reference  to 
the  subject  on  page  76. 

iSunimation-formulas  are  dealt  with  effectively  by  means  of  a 
powerful  scheme  of  symbolical  oiierators  (in  a  future  edition  the  use 
of  E  to  denote  both  an  error  and  an  operator  might  be  avoided, 
especially  as  it  occurs  in  both  senses  in  the  same  paragraph).  The 
general  term  is  given  for  the  3rd  <lifference  formula  of  specified  range; 
and  maximum  smoothing  power,  and  the  reader  is  referred  to 
Mr.  Hendersons  T.  A.8.A.  paper  on  (xraduation  by  Adjusted  Average. 
The  general  proposition  is  not,  however,  easy — nor  of  any  imjwrtance 
to  the  great  majority  of  students — and  it  would  perhaps  have  been 
more  instructive  to  give  a  simple  example  of  finding  the  formula  with 
maximum  smoothing-power  for  a  given  combination  of  operators,  ejj., 
three  .5's,  and  a  5-term  operand.  We  should  like  to  have  seen 
Dr.  Sheppard's  tables  of  maximum  reductions  of  error  and  minimum 
smoothing-coetficients  included.  These  tables  form  convenient 
standards  by  which  summation  formulas  may  be  tested. 

In  the  sample  Makeham  graduation  with  an  arbitrary  value  of  r, 
a  trial-and-error  method  is  employed  for  determining  the  other 
constants  so  as  to  reproduce  exactly  the  total  number  of  deaths  and 
the  first  moment.  The  method  is  simple  in  application,  but  the 
theoretical  explanation  is  lendered  somewhat  obscure  by  the  intro- 
duction (apparently  for  neatness  and  convenience)  of  an  intermediaiy 
constant  which  is  not  absolutely  necessary  and  by  a  misprint  of 
a  for  m  in  the  first  line  of  !>.  62. 

We  have  selected  for  comment  the  few  jioints  that  suggest 
criticism  rather  than  the  many  that  nn'ght  justly  claim  commendation, 
liut  we  may  close  with  a  word  of  apjireciation  of  the  comparison  of 
the  four  sample  graduations.  It  is  a  comparison  of  graduations  rather 
than  methods  since  all  four  graduations  (even  those  that  are  sometimes 
called  "  mechanical  ")  are  markedly  individual — they  form  indeed  an 
object-lesson  showing  that  any  method  of  gi'aduation  leaves  something 
to  the  personal  judgment  and  skill  of  the  graduator — but  as  an 
example  of  the  way  in  Avhich  the  tests  of  smoothness  and  agreement 
are  applied  it  is  most  instructive.  One  other  featuie  which  must 
be  specially  conmiended  is  the  inclusion  of  a  useful  (although 
not  complete)  list  of  authorities  and  papers  on  the  subject  of 
graduation. 
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BOAIJD   OF   EXAMINERS. 

Alfred  C.  Thorn e,  Chairman. 
Henry  Brows,  Eon.  Secrelarij. 


l^DWAKD  n.  Brows. 

SyDKEY   J.    GCNNIXGHAM. 

Henry  E.  Melville. 

WlLLL\M    C.   ShARMAN. 


Thomas  Percy  Thomp.sos. 
Edward  William  Towni.ey. 
Sidney  Turner. 
William  Arthur  Woi!kman. 


Exa:\iixation  for  Admission  to  the  Class  of  Associate 
(Part  I. — Section  A). 

First  Pa  per. 

1.  A  sets  out  to  walk  from  London  to  Brighton  at  the  same 
moment  that  B  sets  out  to  walk  from  Brighton  to  London.  Each 
walks  at  a  uniform  pace.  The  time  that  A  takes  to  reach  Brighton 
from  the  point  where  they  meet  is  21  per-cent  longer  than  the  time 
that  B  takes  to  reach  London  from  the  same  point.  How  much 
per-cent  longer  is  A  over  the  Avhole  journey  than  B? 

2.  Find  the  condition  that  the  roots  of  a  (luadratic  equation 
may  be  real. 

Show,  Avithout  the  use  of  the  differential  calculus,  that  the 

value  of  the  expression  '^—, '\„  '    can  never  be  less  than , 

(;>-  +  3)-  U' 

wlien  .'■  is  i-eal. 

3.  Solve  the  equations 

(1)  ./;■'- 5;v:^  +  8,'- -  5.>- +  1  =  0 

(2)  .,-  +  3,/:  +  2  v33r  +  93;+  7  =  0 

/.,N     1         1         1  1  1  1 

y       r       .ry      yz       xz 

\.  Find  the  values  of  A  which  will  make  the  expression 
8.^-  -  3r  -  I.j:-  +  \0.nj  +  ky.  -  14.'-. 
i-epresent  the  product  of  two  rational  factors. 
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5-  If  you  were  required  to  find  the  sum  of  the  following  series, 
how  would  you  detei-mine  by  inspection  in  each  case  Avhether  to 
attempt  a  solution  in  the  first  instance  by 

(l)  regarding  the  sei'ies  as  derived  from  the  binomial      series 
or    (2)  „  „  ,,  exponential    „ 

or    (3)  ,,  „  „  logarithmic    ,, 

or    (4)  employing  the  method  of  differences  ? 

{a)    -I +  --  ,— „  + .  .  .  to  -^- 

3 . i . 5      5.6.7       7.8.9 

/n       1  1.3  1.3..^  ^     ^ 

(h)     H h  „ +  .  .  .  to  >^ 

4.6      4.6.8      4.6.8.10 

/ X    3      3.5       3.5.7  ^     ^ 

(c)    -  -{ 1 h  ...  to  X 

7      7.9      7.9.11 

.,.      1-     ,   1-  +  2-  ,   1-  +  2-  +  3-  ,  ,    .^ 

(a) h      -         + \-.  .  .  to  -^ 

3.4       3.4.5        3.4.5.6 

The  reasons  for  your  decision  should  be  given,  but  no  calcula- 
tions are  required. 

6.  Show  that  for  certain  values  of  .'■ 

log  (l  +  .-'•)  -  'V  -  "^  +  '^  -  7  +  .  .  . 

Ij  O  -1- 

and  state,  without  proof,  for  what  values  of  .'■  this  identity  holds. 

Given  logjo^'  =  •43429  calculate  logio85  correct  to  four  places. 

7.  If  a  nnmber  of  five  figures  containing  any  five  of  the  ten 
digits  once  only  is  written  down  at  i-andom,  what  is  the  probability 
that  it  is  divisible  l>y  9  *? 

8.  The  26  letters  of  the  alphabet  are  placed  in  a  bag.  A  and 
B  altei-nately  draw  a  letter  from  the  bag,  the  letters  drawn  not 
being  replaced.  The  winner  is  the  one  who  draws  most  vowels. 
A  starts  and  draws  a  aowcI  with  his  first  draw.  What  is  his 
•chance  of  winning? 

9.  A  and  B  play  a  set  of  games,  to  be  won  by  the  player  who 
first  wins  four  games,  Avith  the  condition  that  if  they  each  win 
three  they  are  to  play  the  best  of  three  to  decide  the  set.  A's 
chance  of  winning  a  single  game  is  to  B's  as  2  to  1.  Find  their 
respective  chances  of  winning  the  set. 

Second  roper. 
1.   Ui  =  1  :  ».j  +  »;3  =  5-41  ; 
«4  +  M5  +  "o=  18-47  ; 
Mr  +  »8  +  "o  +  "lo  +  "ii  +  "ij  =  90-36. 

Find  the   value   of  ?'.,.  for  all   values    of  r   from    1   to   12 
inclusive 
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2.  The  following  values  of  a  certain  function  v  are  suiiplied  to 
you.  Which,  if  any,  of  these  values  would  you  consider  aftected 
by  a  misprint,  and  how  would  you,  with  the  material  in  the 
question,  supply  a  more  correct  value? 


/ 

"/ 

1 

21-4. 

\i 

Il-!» 

■.i 

Hi 

5 

7  ^> 

3.  Given  »„  =  .^)8-842 
»o  =  .55-257 
»4  =  51-368 
»](,  =  37-977 

complete  the  sei'ies  »,,,  ih,  ii... 


4.  Vvove  that  '^'  =  ^^^•+>»  -  ".- »>  approximately. 

(Lr  2 1 II 

Give  a  geometrical  interpretation  of  this  approximation. 

5.  Find  from  first  principles  the  diflierential  coeflicient  of  .'>;". 
Find  the  difierential  coefficients  with  regard  to  ;'•  of 

log  .'>;•' 
x/^i^-3 


and  with  regard  to  ,r'"'  of 


(.'■-l)v/.>^7 

'    n/?^2 


6.  .State  and  prove  Leibnitz'  theorem  as  to  the  wth  difierential 
coefficient  of  the  product  of  two  fnnctions. 

Prove  that 

log(.';+  J I  +ar) 


Jl 


+  :r 


3  3.5 


7.  A  man  in  a  boat  at  sea,  5  miles  distant  from  the  nearest 
point  of  a  straight  shore,  wishes  to  reach  a  place  12  miles  distant 
along  the  shore,  measuring  from  this  nearest  point. 

At  Avhat  point  should  he  land  to  reach  this  place  in  the 
minimum  time,  if  he  can  row  at  3  miles  an  hour  and  walk  at  4 
miles  an  hoiu- 1 
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S.  Evaluate    (i)    /  f""/  .<}.<■ 

9.  Prove    that     | /(.'•>/.-•=    ^_ J. /(i)  +  22/(4)  + /(6)  1    approxi- 
mately,  and  hence  find  an  apjtroximate  value  for  I  2    *  <l,r. 


ICXAMINATIOX    FOR    ADMISSION'    TO    'IHE    ClASS    ()|-     ASSOCIATE 

(Paiit  I. — Sectiox  B). 

].  Iv\-plain  what  is  meant  by  "  nominal "'  and  "'ctFective"  rates 
of  interest. 

If  £100  amounts  to  <£1 12-73  in  3  years  at  a  nominal  rate  of 
interest  of  4  per-cent  pei-  annum,  how  often  is  interest  convertible  I 

(liven  logio'?= -4:34294 

log  1-1273 -•0:j2029. 

*2.   Given  3a„i  =  2fl2)r!  =  4"),  find  n  and  i. 

*3.  A  loan  of  £10,000  due  30  June  1919  is  to  be  repaid  by  an 
annuity  in  lOi  years,  a  half  payment  1)eing  made  on  31  DecemVier 
1919  and  a  full  payment  at  the  end  of  each  of  the  succeeding  ten 
years.  Find  the  amount  of  the  annuity  at  4  per-cent  jier  annum 
and  draw  up  a  schedule  showing  the  division  of  each  payment  into 
principal  and  interest. 

*4.  On  1  January  1919  an  investor  gave  £1,200  for  an  amniity 
of  £100  payable  annually  from  1  July  1919  to  1  July  193G 
inclusive.  If  he  is  to  earn  4f/  percent  per  annum  on  his  whole 
capital  throughout  the  period  of  the  transaction,  at  what  rate  of 
interest  must  he  accumulate  the  sinking  fund  to  rejilace  his  capital 
at  the  end  of  the  period  ? 

*').  The  following  -1  per-cent  loans  have  Ijeen  borrowed  : 

(1)  £10,000  on    1    July    1909,    repayable    in  20  years  by 
means  of  a  level  yearly  annuity. 
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(2)  £5,000  on  1  Jaiinaiy  1913,  repayable  in  25  years  by 
means  of  equal  half-yearly  instalments  of  principal, 
with  interest  payable  half-yearly  on  the  balances  out- 
standing. 

It  is  proposed  to  consolidate  these  loans  into  one,  as  from 
1  July  1919,  repayable  in  14  years  at  4  per-cent  per  annum  by  means 
of  a  level  half-yearly  annuity. 

What  will  be  the  future  half-yearly  payments  ? 

*6.  A  government  purchases  a  railway  under  the  terms  of  an 
agreement  whereby  it  nmst  pay  £137  for  every  £100  of  ordinary 
stock.  As  an  alternative  to  payment  in  cash  it  offers  to  each  holder 
of  £100  stock  either  : 

{a)  A  terminable  annuity  of  £7.  13.5.  M.  per  annum  payable 
half-yearly  for  40  years,  or 

{h)  £120  irredeemable  stock  bearing  interest  at  4  per-cent 
per  annum  payable  half-yearly,  together  with  a 
triennial  dividend  based  on  the  net  profits  of  the 
railway. 

What  rate  of  dividend  must  be  paid  under  (A)  in  order  that 
the  yields  under  {a)  and  (//)  may  be  equal '? 

'^1.  A  £20  share  is  bought  for  £50  ;  the  dividends  are  paj'able 
half-yearly  and  for  the  first  year  are  declared  at  the  rate  of  10 
per-cent  per  annum,  for  the  second  year  at  9f,  the  third  year  at  9j, 
decreasing  by  equal  decrements  annually  to  7|  per-cent  per  animm 
for  the  eleventh  year. 

At  the  end  of  the  eleventh  year  the  share  is  sold  for  £45. 
What  yield  has  the  purchaser  obtained  on  his  investment  ? 

*  "  A  Short  Collection  of  Antuarial   Tables  "  will  be  supplied  for  use  in 
ans-vvering  these  questions. 


Examination  for  Admission  to  the  Class   of  Associate 
(Part  II). 

First  Paper. 

1.  Given  that  out  of  1,000  children  at  age  0,  the  deaths  under 
three  months  old  are  40,  between  three  and  six  months  28,  and 
betw^eeii  six  and  tAvelve  months  36,  find  Lq,  m^  and  ^h  as  accurately 
as  possible.     Explain  why  ii\  is  less  than  hjq- 

2.  If  the  probability  that  exactly  three  lives  out  of  six  all  aged  .r 
survive  n  years  is  -08192,  find  the  probability  that  at  least  three 
survive  n  years. 
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3.  In  the  case  of  three  lives  all  aged  ./■  find 

(1)  The  iirobability  that  the  first  death  will  occur  in  the 

nth  year  ; 

(2)  The  probability  that  the  second  death  Avill  occm^  in  the 

'«th  year  ; 

(3)  The  probability  that   the   third  death  will  occur  in  the 

?«th  year. 

4.  A  staff,  including  both  those  in  active  service  and  those  who 
have  been  pensioned,  is  represented,  just  after  a  year's  entrants 
have  joined  the  staff  and  a  year's  retirements  have  taken  place,  by 
the  Ix  column  from  age  20  onAvards,  and  has  reached  a  stationary 
condition. 

Retirement  on  pension  takes  place  at  exact  ages  61  to  65, 
and  there  are  no  withdrawals  except  by  death.  The  proportion  of 
those  in  active  service  at  each  age  who  retire  at  that  age  and  the 
corresponding  pensions  are  as  follows  : 


Age 

Proportion  of  those  in  active 

service  at  each  age  who  theu 

retire 

Amount  of  Pension          i 
(assume  payable  momently)  j 

! 

61 
62 
63 
64, 
65 

Onc-tentli 

One-sixth 

One-third 

One-half 

All 

£140 
£160 
£180 
£200 
£220 

Assuming  that  the  mortality  among  pensioners  is  the  same 
as  among  those  in  active  service  at  corresponding  ages,  find 
expressions  for  the  following,  just  after  a  year's  retirements  have 
taken  i>Iace  : 

(1)  The  total  ntimber  of  pensioners. 

(2)  The  total  pensions  payable  in  a  year. 

(3)  The  sum  (ignoring  interest)  of  all  future   payments  in 

respect  of  existing  pensions. 

*5.  A  widows'  anntiity-society  pays  an  annuity  of  £10  per  annum, 
the  first  payment  being  due  at  the  end  of  the  year  in  which  the 
husband  dies.  The  society  is  recruited  at  the  beginning  of  each  year 
by  the  entrance  of  100  married  couples,  the  husband  being  aged  30 
and  the  wife  25.  After  five  years  from  the  formation  of  the  society, 
how  many  widows  will  there  be  on  the  fund,  and  what  will  be  the 
value  of  tlie  pensions  then  pajable  1 

Use  H^    functions  and  value  at  3  jier-cent  interest. 

6.  If  ixx  is  in  the  form  of  A-fBr''noge/'+ , •  ^  j,  find  an 

expression  for  /^.  iog^c'  ./ / 
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7.  Explain  how  j'ou  would  calculate  the  annual  ]iiemiain  tor 
an  assiiivmce  ])ayal)le  at  the  death  of  :r  if  lie  dies  after  the  sur\  i\or 
of  //  and  ;  hut  before  v:. 

*  "A   Sliiirt    Colk'otion    of   Actuarial  'J'aliles"  will    be   supplied  U>t  u-e  in 
answering  this  question. 

Second  Paper. 

1.  Explain  the  advantages  of  connnutation  columns. 

Express  in  commutation  syml)ols  the  annual  premium  for  a 
■decreasing  term  assurance  for  vi  years,  the  sum  assured  in  the  event 
of  death   in  the  «th  year  (//  not  greater  than  ///)  being  of  the  form 

B(//;  -n)  +  C         . 

and  the   premium  for  any    year  being    ])iopoi'tionate  to  the   sum 
fissured  for  that  year. 

'1.  You  are  asked  by  a  client  to  quote  the  present  value  of  a 
sum  of  ,£10,000  receivable  inuiiediately  upon  the  death  of  a  man 
aged  60  on  the  basis  of  H"^^  Mortality  and  o  per-cent  interest. 
Your  client  has  referred  to  a  table  of  complete  expectations  of  life 
and  has  calculated  the  value  himself  by  assuming  5  per-cent 
■compound  interest  for  the  expectation  as  a  term  certain. 

Set  forth  in  language  as  little  technical  as  possible  the 
reasons  you  would  give  him  to  accotnit  for  the  ditlerenee  between 
your  A'alue  and  his.  Show  clearly  the  systematic  nature  of  the 
difference,  and  state  in  which  direction  tlie  error  will  prevail. 

3.  Ex]>lain  what  you  understand  by  the  Law  of  Uniform 
Seniority. 

Does  this  law  apply  to  a  table  for  which  //_,.  =  A  +  Ii''? 

4.  If  ((.,■■:„  =a  -  f3(-^\  expand  A.<-:7,i  in  ascending  powers  of  .'•. 

If  you  Avere  given  a  complete  table  of  a^-.-i  indicate  how 
you  \\ould  deduce  the  constants  to  be  employed   in  the  calculation 

of    A.-iO:"j3I. 

5.  Find,  in  terms  as  far  as  possible  of  contingent  survivorship 
assurances  payable  on  y  dying  first,  the  single  premium  for  1  payable 

('/)  On  the  death  of  y  within  10  year.s,  .'•  surviving  him  an<l 
both  u  and  v  having  died  previously  ; 

(//)  On  the  death  of  y  after  10  years,  o:  surviving  him,  one  at 
least  of  II  and  r  having  died  previously,  and  all  haA'ing 
survived  10  years : 

(c)  On  the  death  of  y  after  10  years,  .>■  surviving  him  and  one 
only  of  /(  and  r  having  died  ])reviously. 
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6.  Find  the  value  at  3  per-cent  interest  of  a  whole  life  policy 
for  £1,250  effected  at  age  30  which  has  been  20  years  in  force  and 
to  which  a  reversionary  bonus  of  £500  is  attached,  having  given 
that  P3o=-0179  and  Poo=-0373. 

7.  How  would  you  verify  a  table  of  endowment  assurance 
policy- values  by  addition  ? 

Third  Paper. 

^'1.  If  the  net  single  premium  for  a  whole  life  policy  for  £100 
at  a  given  age  is  £32.  8s.,  the  corresponding  net  level  yearly 
premium  £1.  12s.  5d.,  and  the  corresponding  net  yearly  premium 
reducible  by  50  per-cent  after  10  years  £2.  5s.  8d.,  find  the  net 
single  premium  on  the  same  basis  for  a  10-year  endowment 
assurance  for  £100. 

*2.  A  whole  life  assurance  for  £500,  subject  to  a  yearly  premium, 
was  effected  on  a  life  aged  20,  10  years  ago.  Five  years  ago,  just 
before  payment  of  the  sixth  premium,  it  was  altered  to  an  endow- 
ment assurance  at  age  60,  an  increased  annual  premium  being  paid 
in  consequence  of  the  alteration,  Find  the  value  of  the  policy  at 
the  present  time.  Use  the  O'^*^^  3  per-cent  Table  throughout  and 
ignore  the  question  of  loading. 

"^3.  An  office  has  on  its  books  at  the  beginning  of  a  year  100 
annuities  of  £100  on  lives  aged  70,  each  payable  by  quarterly 
instalments  on  31  March,  &c.,  with  proportion  to  date  of  death. 
It  makes  reserves  on  the  Carlisle  3  per-cent  basis  and  earns 
4  per-cent  on  its  funds.  If  during  the  year  there  are  four  deaths 
amongst  these  annuitants  find  what  profit  or  loss  the  office  will 
make  in  the  group  for  the  year.  Assume  the  deaths  are  evenly 
spread  over  the  year  and  that  there  are  no  expenses. 

*4.  Find  by  the  H^^  3  per-cent  Table  the  net  single  prennum 
for  an  assurance  of  1  payable  on  the  attainment  of  age  21  by  a 
child  now  aged  7,  or,  if  this  child  dies  previously,  on  the  attainment 
of  age  21  by  a  child  now  aged  5,  oi',  if  neither  attain  21,  then  on  the 
death  of  the  survivor  of  them.     Given  that   uAg :7  =  -101. 

*5.  A  policy  for  £1,000,  under  which  the  sum  assured  is  payable 
at  death  after  age  21,  the  premiums  paid  being  returnable  with 
3  per-cent  compound  interest  at  death  before  age  21,  is  granted  at 
an  annual  premium  on  the  life  of  a  child  aged  1.  It  is  desired  that 
the  option  shall  be  granted  at  age  21  without  alteration  in  the  annual 
l^remium  to  convert  the  policy  either  (l)  to  an  endowment  assurance 
for  a  reduced  amount  payable  at  age  55  or  previous  death,  or  (2)  to 
an  assurance  for  a  reduced  amount  payable  at  death  with  the 
number  of  future  premiums  (including  the  one  at  age  21)  limited  to 
a  maximum  of  30.  Assuming  H^^  Mortality  with  3  per-cent  interest 
find  the  reduced  sum  assured  in  each  case. 

VOL.    LT.  2    E 


378  The  Institute  of  Actuaries.  [Oct. 

*6.  An  under-average  life  aged  50  takes  out  an  endowment 
assurance  with  profits,  for  a  term  of  15  years.  He  is  oifered  two 
altemiatives, 

(1)  to  pay  an  extra  annual  premium  of  10.?.  per-cent ;  or 

(2)  to  pay  the  normal  premium,  Init  the  bonus  to  be  payal)]e 

to  him  only  if  he  should  survive  the  term. 

What  rate  of  annual  simple  reversionary  bonus  will  make 
these  options  equal  in  value  to  one  another  1 

Assume  that  the  life  can  be  treated  throughout  with  an 
addition  of  five  years  to  the  age,  and  work  with  the  0^^*^^  3  per-cent 
Table. 

7.  On  the  death  of  the  survivor  of  x  and  rj  a  sum  of  1  is  to  be 
divided  equally  among  such  of  three  persons  aged  a,  h  and  c 
respectively,  as  may  then  be  living,  with  a  further  condition  that  if 
a  predecease  the  survivor  of  x  and  y  his  share  is  to  be  divided 
equally  between  such  of  two  persons  aged  v.  and  r  as  are  living  at 
the  date  of  distribution. 

Express  in  the  form  of  an  integral  the  value  of  u's  share. 


*  "  A  Short  Collection  of  Actuarial  Tables  "  will  be   supplied  for  use  in 
answering  these  questions. 


Exa:\iination  for  Admission   to  the  Class  of  Fellow 
(Part  III,— Section  A). 

First  Paper. 

1.  Given  the  following  particulars,  how  would  you  deduce  the 
"exposed  to  risk"  for  the  purpose  of  (a)  an  aggregate  and  {h)  a 
select  mortality  experience  of  a  life  assurance  society  1 

Calendar  year  of  entry.     Age  next  birthday  at  entry. 
Calendar  year  of  exit.     Mode  of  exit  and  due  date  of  last 

premium  paid. 
Assume   that   the   investigation    is   to   cover   a  period    of 

15  years  and  that  all  premiums  are  annual. 

2.  AVork  out  the  rates  of  mortality  that  can  be  obtained 
conveniently  from  the  following  information  and  state  what  tables 
in  this  form  would  be  required  to  obtain  complete  select  tables  for 
durations  0  to  10  and  ultimate  tables  thereafter  : 
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Number  of  policies  on-  the  books  ivhich,  at  the  date  mentioned,  v:cre  more 
than  8  and  less  than  9  years  in  force. 


Date 

Age  last  Birthday 

fiO 

61 

1  Jan.  1918 

1  Jan.  1919 

3,000 
3,-100 

2,850 
3,300 

Numher  of  deaths  during  1918,  under  policies  which  at  date  of  death 
tcere  more  than  8  and  less  than  9  years  in  force. 


Age  last  Birthday 
at  Death 

Number  of 
Deaths 

60 
61 

100 
110 

3.  State    shortly   the    various    steps    taken    in    forming    the 
English  Life  Table,  Xo.  7. 


4.  The  following  table  has  been  prepared  from  the  Census 
Returns  of  1901  and  1911  by  applying  the  rates  of  mortality 
shown  by  the  English  Life  Table  No.  7  to  the  population  groups  at 
the  earlier  census.  Analyze  and  explain  the  divergencies  in  these 
figures  : 


Ages  at 

Males 

Females 

X  umber 

Number 

1911 

(in  tliousands) 

Number 

(in  thousands) 

Number 

expected  to 

(in  thousands) 

expected  to 

(in  thousands) 

liave  survived 

enumerated 

have  survived 

enumerated 

from  1001 

from  1901 

15-19 

1,698 

1,655 

1,706 

1,682 

20-24 

1,620 

1,503 

1,624 

1,673 

25-29 

1,543 

1,456 

1,582 

1,623 

30-34 

1,400 

1,376 

1,579 

1,501 

35-39 

1,240 

1,261 

1,417 

1,352 

40-44 

1,067 

1,075 

],190 

1,158 

45-49 

930 

926 

1,020 

999 

50-54 

779 

768 

853 

834 

55-59 

625 

608 

699 

670 

60-64 

483 

477 

560 

543 

65-69 

337 

366 

410 

-  441 

70-74 

234 

237 

305 

317 

2  E  2 
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5.  Describe  shortlj'  tlie  methods  emploj-ed  in  the  graduation 
of  the  Whole  Life  Without  Profit  Mortality  Table  (British  Offices 
Life  Tables  1893). 

At  what  age  at  entry  is  the  select  table  started  and  wliat  is 
the  general  effect  of  the  graduation  on  the  mortality  of  the  first  five 
years  of  assurance  1 

6.  What  are  the  tests  of  a  good  graduation  ? 


Second  Paper. 

1.  The  following  facts  are  availal)le  : 

(a)  Numl>er    of    persons    at    each    age    last   birthday    on 
1  January  of  each  year. 

{h)  Number  of  persons  at  each  age  last  birthday  marrying, 
dying  or  withdrawing  during  each  calendar  year. 

(c)  Number  of  entrants  each  year  with  dates  of  birth. 

It  is  suggested  that  rates  of  death,  marriage  and  with- 
drawal should  be  obtained  by  dividing  the  number  of  deaths, 
marriages  and  withdrawals  for  each  age  by  the  sum  of  the  numbers 
at  each  1  Januaiy,  decreased  by  half  the  deaths  and  increased  by 
half  the  entrants  (using  age  last  bii'thday  at  entrance).  Explain 
whether  this  is  satisfactory,  and  if  unsatisfactory  suggest  improve- 
ments. 

2.  W^hat  are  the  special  objects  sought  in  constructing  a 
mortality  table  : 

(a)  for   general    use    in    connection    Avith    life    assurance 
work  1 

(//)  for  the  purpose  of  comparative  statistics  ? 

3.  Explain  clearly  the  method  you  Avould  adopt  in  investi- 
gating the  sickness  experience  of  a  'large  friendly  society,  and 
deducing  i-ates  of  sickness  under  headings  "1st  six  months," 
"  2nd  six  months,"  "after  first  year." 

What  inaccuracy  is  involved  in  the  method  you  use,  apart 
from  that  arising  from  the  way  in  which  you  arrive  at  the  age  ? 

4.  The  average  deviation,irrespective  of  sign,  is  sometimes 
given  as  approximately  -8  Jnpq.  How  is  this  function  used  in 
actuarial  work,  what  are  the  assumptions  underljang  its  derivation, 
and  how  far  are  these  justified  in  the  case  of  mortality  statistics  ? 
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*5.  Discuss  the  graduation  shown  in  the  following  table.  Set 
out  the  result  graphically  for  ages  20-50,  and  show  on  your  diagram 
any  improvement  you  consider  necessary. 


Age 

X 

Exposed 

to  risk  from 

x-2 

to 
.r  +  2 

Force  of  Mortality  at 

X 

Expectation  of  Life 

Un  graduated 

Graduated 

Ungraduated    Graduated 

t 

10 
15 
20 
25 

30 
35 
40 
45 

50 
55 
60 
65 

70 
75 
80 
85 

90 

429 

669 

990 

4,400 

14,000 
30,000 
40,000 
60,000 

70,000 
70,000 
70,000 
60,000 

40,000 

20.000 

10,000 

2,000 

200 

-00233          -00350 
-00299          -00355 
-00404     ■     -00456 
-00609          -00585 

-00715     I     -00757 
-01090         -00986 
-01440          -01225 
•01795           01713 

-02327          -02295 
-03067           03100 
-04125           01245 
-05624     1     -05875 

-08000          -03150 
•11636          -11500 
•16760          -16272 
•23615          -23078 

-32500     [     -32669 

47^84 
43-40 
39-13 
34-96 

30-94 
27-25 
23-87 
20-65 

17-60 

14-76 

12-14 

9-76 

7-66 
5-91 
4-53 
3-48 

2-69 

47-60 
43-32 
39-16 
35-12 

31-22 

27-47 
23-92 
20-58 

17-46 

14-60 

12-00 

9-69 

7-70 
6-00 
4-59 
3-46 

2-58 

You  may  assume  that  the  deaths  are  given  sufficiently 
accurately  by  the  product  of  the  figures  in  the  columns  headed 
"exposed  to  risk  "  and  "force  of  mortality." 

*  Sheets  of  cross-ruled  paper  will  be  supplied  for  use  in  answering  this 
question. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III. — Section  B). 

First  Paper. 

1.  Explain  briefly  the  theoretical  assumptions  underlying 
Lidstone's  Z  method  of  valuing  endowment  assurances. 

How  would  you  apply  the  method  to  the  case  of  an  office 
having  a  large  number  of  policies  maturing  on  the  actual  birthday, 
Avith  premiums  payable  for  n+\  years,  where  n  is  the  diflference 
between  the  age  next  birthday  at  entry  and  the  maturity  age  1 

2.  State  concisely  the  different  methods  of  valuing  whole  life 
policies  by  limited  payments.  AVhich  method  do  you  yjrefer, 
and  why  1 
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3.  The  question  as  to  the  advisability  of  making  a  change  in 
the  vakiation  basis  is  under  consideration  by  your  company. 

To  Avhat  extent  and  under  Avhat  conditions  AA'ould  you  be 
justified  in  making  use  of  the  tables  that  have  been  prepared,  based 
on  the  "  Model  Office  ",  showing  the  relative  reserves  according  to 
different  valuation  tables  and  at  difterent  rates  of  interest  1 
Mention  some  of  the  precautions  and  limitations  that  must  be 
borne  in  mind. 

Consider  as  examples  : 

(1)  The   change   from    0^^    3    per-cent    to    0^^   and    0^^(-^> 

3  per-cent. 

(2)  The  change  from  0^^  2A  per-cent  to  0^^  3  per-cent. 


4.  What  method  would  you  adopt  in  valuing  the  liabilities  of 

an  old  established  employers'  liability  insurance  company  ? 


5.  What  considerations  would  guide  you  in  determining  the 
maximum  sum  assured  to  be  retained  by  a  life  office  at  its  own 
risk  on  anv  one  life  ? 


6.  Contrast  the  relative  position  of  with  profit  policyholders  in 
two  mutual  offices  A  and  B.  The  last  valuation  of  each  office  took 
place  as  at  31  December  1914,  and  since  that  date  both  offices  are 
known  to  have  suffered  a  depreciation  equal  to  10  per-cent  of  the 
im-ested  funds  as  at  31  December  1914.  This  depreciation  will  fall 
to  be  dealt  with  at  the  next  valuation  at  the  end  of  1919. 


Valuation  Basis 

Percentage  of  Business,  with  Profits. . . 

Percentage     of     Gross     Premiums, 

reserved  for  expenses 
Assurances  in  force   ... 

Bonus  last  declared  ... 


Office  A 


Surplus  carried  forward 

Funds  31  December  1914     

1917     

Average      annual      expense       ratio, ) 

1915-1917  i 

Average     annual    rate     of     interest  ~\ 

(1915-1917),     after     deducting 

tax  ) 

Percentage    of    actual    to    e-xpected  ) 

claims      ...         ...         ...  ...  ) 


OM  2J  % 
50% 

15- 

£4,500,000 
30*.  %  per  ann 
compound 
£50,000 
£2,000,000 
£1,950,000 

1^2   /O 

£3.  17*.  Orf. 


90 


Office  B 


0^3% 
95% 

21-5 

£5,000,000 

30*. /o  per  ann. 

simple 

Nil. 

£2,000,000 

£2,400,000 

14% 

£4.  0*.  Od. 

70 
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Second  Paper. 

"^1.  Table  I  gives  a  summary  of  the  particulars  for  valuation  of 
a  closed  endowment  assurance  fund  as  at  31  December  1913. 

Table  II  gives  particulars  of  policies  cancelled  since  that  date. 

Table  III  gives  certain  items  of  the  consolidated  revenue 
account  for  the  five  years  ending  31  December  1918. 

Table  IV  gives  certain  values  of  Zm. 

The  fund  is  managed  at  an  expense  ratio  of  12i  per-cent 
of  the  premium  income.  At  the  1913  valuation — on  the  0^^  3  per- 
cent basis — a  simple  reversionary  bonus  of  2  per-cent  per  ann.  for  the 
quinquennium  was  declared.  £260  undivided  surplus  was  carried 
forward  and  it  was  decided  to  pay  an  interim  bonus  of  30.';.  per-cent 
for  each  complete  year's  premium  paid  on  policies  becoming  claims 
by  death.  The  average  net  annual  rate  of  interest  earned  1914  to 
1918  was  £3.  10.?.  per-cent,  and  at  31  December  1918  it  Avas  found 
that  the  invested  funds  had  depreciated  in  A'alue  8  per-cent. 

Complete  the  consolidated  revenue  account. 

Summarize  the  existing  business  for  valuation  as  at  31 
December  1918. 

Deduce  the  valuation  ages.  Make  the  valuation,  using  the 
tables  of  t'"  and  «;r,  in  the  absence  of  tables  of  Ax.ni  and  a^.^i,  at 
rates  of  interest  respectively  i  per-cent  lower  and  1  per-cent  higher 
than  the  rate  which  you  would  adopt  were  0^  Tables  available. 

Draw  up  a  profit  and  loss  account  and  show  Avhat  bonus 
you  would  recommend. 

*  "A  Short  Collection  of  Actuarial  Tables"  will  be  supplied  for  use  in 
answering  this  question. 


Table  I. 


Year  of 
Maturity 

Sum           Existing 
Assured          Bonus 

Office 
Annual 
Premium 

£ 
381 
292 
208 

Balance  of  Tear's  1        ^  . 

Premium          1      .f*J^  , 
outstanding  at    1    ^^^, 
31  December       j    Premium 

Zmx 

Sum 
Assured 

1923 
1928 
1933 

£                  £ 
8,500           805 
7,000           480 
4,750           278 

1 

£     s.    d.        1          £ 
18     0     0       1       255 
211 
13  15     0       1       140 

9,224 
6,635 
6,079 
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Policy 

A 

B 

C 

Date  of  Entry  ... 

1  March  1898 

1  Sept.  1908 

1  Nov.  1903 

„          Exit      ... 

1  February  191G 

1  August  1916 

1  August  1918 

Birth    ... 

1  January  1873 

1  Dec.  1875 

1  Feb.  1873 

„         Maturity 

1  March  1923 

1  Sept.  1928 

1  Nov.  1933 

Cause  of  Exit    ... 

Death 

Death 

C    Surrendered 
i       for  £240 

Sum  Assured     ... 

£500 

£1,000 

£750 

Bonus  to  1913  ... 

£150 

£50 

£75 

Office    Annual) 
Premium       .../ 

£21.  5«.  M. 

£52.  10*. 

£27.  10*. 

How  payable  and  ) 

Half-yearly  on 

Yearly  on 

Half-yearly  on 

when  due      . . . / 

1  Mar.  &  1  Sept. 

1  September 

1  Nov.  and  1  Mav 

Net     A 11 11  u  a  1  \ 
Premium     0*^ 
3  per- cent     ...-' 

15-4 

41-2 

19-8 

Table  III. 


Fund  as  at  1  January  1914 
Interest  less  Tax 
Premium  Income 


£9,600 
1,900 
4,172 


Table  IV. 


M 

Zm 

:\r 

Zji 

M 

Zm 

50 

•681 

54 

•926 

58 

1^260 

51 

•735 

55 

1-000 

59 

1360 

52 

•794 

56 

1-080 

60 

1^469 

53 

•857 

57 

1-166 

61 

1-587 

-.  A  life  insurance  company  charges  premiums  which,  alloAving 
for  expenses,  are  exactly  sufficient  to  provide  for  an  uniform  compound 
reversionary  bonus.  Simple  reversionary  bonuses  are,  however, 
declared  up  to  the  full  surplus  by  a  strong  net  premium  valuation. 
What  will  be  the  effect  on  subsequent  bonuses  of  a  continuation  of 
this  practice,  and  how  may  the  effect  be  accentuated  or  masked  by 
new  business  ? 

3.  An  office  has  issued  a  very  large  number  of  short  term 
endowment  assurances,  and  wishes  to  make  a  separate  valuation  of 
them,  and  to  keep  a  separate  fund  and  accounts  in  respect  of  them, 
the  fund  having  to  bear  the  actual  expenses  incurred  in  connection 
with  the  business.  Many  of  the  premiums  are  payable  by  half- 
yearly  or  quarterly  instalments,  the  unpaid  balance  of  the  year's 
premium,  current  at  the  time  of  death,  being  deducted  from  the 
policy  moneys. 

Explain  in  detail  the  method  of  valuation  you  would  adopt. 
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4.  It  has  been  decided  to  amalgamate  two  mutual  life  offices  by 
merging  their  business  and  assets,  instead  of  by  closing  the  fund  of 
one  office.  Explain  fully  the  principles  which  should  be  adopted 
in  carrying  out  the  fusion,  with  special  reference  to  the  method  of 
distributing  surplus  : 

(i)  Up  to  the  date  of  the  amalgamation,  and 
(ii)  Thereafter. 

State  your  views  as  to  the  advantages  or  disadvantages  of 
such  an  amalgamation  as  compared  with  a  transfer  involving  the 
closing  of  the  fund  of  the  office  transferred. 


Examination  for  Admis.sion  to  the  Class   of  Fellow 
(Part  IV.— Section  A). 

First  Paper. 

1.  What  are  the  I'egulations  laid  down  in  the  Assurance 
Companies  Act,  1909,  governing  the  transfer  of  the  life  assurance 
business  of  one  company  to  another  ? 

2.  AVhat  classes  of  societies  may  be  registered  as  friendly 
societies  under  the  Friendly  Societies  Act,  1896? 

AVhat  limits  exist  as  to  the  amounts  of  assurance  or  annuity 
which  may  be  gi'anted  by  a  registered  friendly  society  1 

3.  Define  "industrial  insurance  company"  and  "collecting 
society."  What  restrictions  exist  in  the  case  of  contracts  made  by 
these  bodies  in  respect  of  (a)  Insurance  on  infants  ;  {h)  Forfeiture  of 
policies  1 

\.  Give  a  short  account  of  the  provisions  of  the  Assurance 
Companies  Act,  1909,  with  regard  to  making  deposits  for  diflerent 
classes  of  business.  How  do  these  jirovisions  differ  from  those 
under  the  1S70  Act? 

5.  In  what  circiuiistances  may  a  life  assurance  company  l>e 
Avound  up  by  the  Coiu't  ? 

State  the  principles  laid  down  by  the  Assurance  Companies 
Act,  1909,  for  valuing  the  assurance  and  annuity  contracts  of  a  life 
office  in  the  event  of  winding  up. 
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6.  An  office  has  on  its  Ijooks  three  classes  of  short  term 
endowment  assurances,  under  which  the  sum  assui'cd  payable  at 
death  or  maturity  is  payable  respectively, 

{a)  In  cash  ; 

{h)  By  the  transfer  of  War  Loan,  1929-1947  ; 

(c)  By  the  transfer  of  AVar  Bonds,  redeemable  1   October 
1927. 

What  bases  would  you  recommend  for  the  surrender  values 
to  be  allowed  under  [a),  (h)  and  (c)  1 

7.  What  are  the  methods  usually  adopted  by  offices  in  calcula- 
ting surrender  values  of : 

(1)  Sinking  fund  or  leasehold  redemption  policies  ; 

(2)  Simple  endowments,  with  return  of  premiums  at  death 

before  maturity  ; 

(3)  Children's     educational     annuities,     with     return     of 

premiums  or  part  premiums  at  death  of  child  within 
the  annuity  period  1 

and  state  why  they  sometimes  differ  as  between  the  three  classes 
of  policy. 

8.  How  would  you  calculate  the  surrender- values  of  participating 
policies  converted  from  whole-life  to  endowment  assurances  1 

State  your  views  as  to  the  desirability  of  endorsing  on 
ordinary  whole-life  and  endowment  assurances  tables  of  guaranteed 
surrender- values. 


Second  Paper. 

''1.  A,  aged  40,  and  B,  aged  44,  are  each  entitled  to  a  moiety 
of  the  undermentioned  fund,  contingently  on  their  surviving  their 
mother,  aged  71.  In  the  event  of  one  only  surviving,  such  survivor 
takes  the  whole  fund,  but  if  both  predecease  their  mother,  the 
estate  passes  elsewhere. 

£10,000  5  per-cent  War  Loan,  1929-1947  ; 

£5,000  3|  per-cent  India  Stock  ; 

A  freehold  house,  stated  to  haAC  been  valued  for  i)roljate 
two  years  ago  at  £1,800. 

AVhat  sums  would  you  advise  an  intending  purchaser  to  give  : 

(1)  For  A's  reversion  : 

(2)  For  the  interests  of  A  and  B  together? 
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*2.  A,  aged  45,  is  entitled  contingeutlj-,  on  his  surviving  B,  a 
bachelor,  aged  76,  and  pro^nded  the  latter  leave  no  issue,  to  £500  a 
year  for  life,  secured  on  an  estate  of  ample  value.  What  sum  would 
you  advise  a  purchaser  to  give  for  A's  interest,  if  he  -wanted  to 
make  an  investment  on  the  basis  of  a  4  per-cent  yield,  free  of 
income  tax,  throughout  ? 


*3.  Find  a  value  for  the  following  reversionarj'  interest  and 
discuss  any  points  which  seem  to  call  for  special  mention. 

A,  the  reversioner,  a  male  aged  45,  is  entitled  if  living  at 
the  death  of  B,  a  female  aged  70,  to  a  fund,  out  of  which  an  annuity 
of  £100  is  payable  during  the  life  of  a  lady  aged  65. 

The  fund  is  at  present  invested  as  follows  : 

£5,000  22  per-cent  Consols  ; 

£5,000  India  3 1  per-cent  Stock  ; 

£120    Gi'eat    Indian    Peninsula    Railway    "A"   Annuity, 
terminable  1948  ; 

£5,000  5  per-cent  AVar  Loan,  1929-1947  ; 

£2,000  Xew  Zealand  4  per-cent  Inscribed  Stock,  1929. 


4.  Discuss  generally  the  suitability  of  investments  in  rever- 
sionary interests  for  (l)  the  funds  of  insurance  companies  and  (2) 
for  individuals.  Say  what  class  of  interests  are  preferable  and 
why,  and  specify  the  particular  features  in  such  transactions  which 
Avould  influence  your  opinion  as  to  their  suitability. 

What  is  a  base  fee  and  how  would  you  deal  with  the  offer 
of  sale  of  such  a  security  1 


^b.  Each  of  two  spinsters,  aged  65  and  60,  is  entitled  for  life  to 
one-half  of  the  income  from 

£10,000  2|  per-cent  Consols  ; 

£10,000  London  and    North-Western   Railway  3  per-cent 
Debenture  Stock  ; 

£5,000  iVew  South  Wales  3i  percent  Stock,  1924, 

with  power  to  appoint  to  any  husljand  who  may  survive  her,  a  life 
interest  to  the  extent  of  not  more  than  one-half  of  her  share  of 
income.  At  the  death  of  the  first  of  the  two  life  tenants  to  die,  the 
survivor  takes  for  her  life  the  income  of  the  deceased  sister  also, 
subject  to  any  life  interest  appointed  in  favour  of  the  deceased's 
husband. 

AVhat  is  the  value  of  the  reversion  to  the  whole  fund,  and 
what  covering  policies  should  be  effected  ? 
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G.  A.B.,  aged  30,  is  entitled,  if  he  survives  his  father,  aged  CO, 
to  the  i-eversioiiary  life  interest  in  : 

£5,000  New  Zealand  4  per-cent  Stock,  1929  ; 
£5,000  Chinese  Government  8  per-cent  Loan,  1918  (redeem- 
able by  1928,  by  aiuiual  drawings  at  par). 

A.B.  desires  to  sell  his  interest,  but  to  retain  for  5  years 
the  option  to  repurchase  on  payment  to  the  purchaser  of  all  sums 
disbursed  by  him,  accumulated  at  compound  interest.  Indicate  fully 
hoAV  you  would  ascertain  the  value  of  his  interest  on  this  basis. 

*  "A  Short  Collection  of  Actuarial  Tables'"   will  be  supplied   for  use  in 
.-mswering  these  questions. 


PROCEEDINGS  OF  THE  INSTITUTE.— Session  1918-1919. 


First  Ordinary  Meeting,   16  December  1918. 
The  President  (Mr.  Geoffeey  Masks,  O.B.E.)  in  the  Chair. 
The  President  delivered  an  Inaiitrural  Address. 


Second  Ordinary  Meeting,  24  March  1919. 

The  President  (Mr.  Geokfkey  Makes,  O.B.E.)  in  the  Chair. 

A  discussion  on  "  Aviation  and  Life  Assurance "  was  opened  by 
Dr.  L.  E.  Stamm.  The  following  gentlemen  took  part  therein  : — Mr.  A.  D. 
Besant ;  Major-General  Sir  W.  S.  Brancker,  K.C.B.,  Lt. -Colonel  Mervyn 
O'Gorman,  C.B.,  Brigadier-General  J.  G.  Hearson,  D.S.O.,  Lt  -Colonel  Flack 
(visitors) ;   and  the  President. 

Tliird  Ordinary  Meeting,   28  April  1919. 

The  President  (Mr.  Geoffkey  Marks,  O.B.E.)  in  the  Chair. 

Mr.  Andrew  Rutherford  Davidson,  F.F.A.,  was  elected  an  Associate  of 
the  Institute. 

A  paper  entitled  "  Group  Insurance  "  was  read  in  abstract  bj-  the  Author. 
Mr.  P.  H.  McCormack. 

The  following  gentlemen  took  part  in  the  discussion : — Messrs.  F.  P. 
Symmons,  AV.  Schooling  (a  visitor),  Sir  Alfred  AVatson.  Messrs.  C.  AV. 
Kenchington,  E.  B.  Nathan,  H.  H.  Austin.  S.  G.  AVarncr,  and  the 
President. 

The  Seventy -second  Annual  General  Meeting,   2  June  1919. 

Tlie  President  (Mr.  Geoffeey  Maeks,  O.B.E.)  in  the  Chair. 

The  proceedings  at  the  Annual  General  Meeting  will  be  found  on 
page  396. 

REPORT,    1918-1919. 

The  Council  have  the  pleasui'e  to  report  to  the  Members  upon  the 
work  of  the  Institute  during  the  Session  of  1918-1919,  the  sevent^'-first 
year  of  its  existence. 
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There  lias  been  a  decrease  of  19  in  tlie  total  inunber  of  niember.s,  as 
compared  with  the  previous  year.  At  the  end  of  the  official  year  in 
which  the  Institute  was  incorporated  by  lloyal  Charter  the  number  of 
Members  was  434  ;  twenty-three  years  later,  at  31  ]\Iarch  1908,  it  was  1.009. 
Since  that  time  the  numbers  have  been   as  follows: 


On 
31  iMarch 

Fellow.s 

Associates 

Students 

Coiresi)ondiiig 
Slembers 

Total 

1909 

254 

325 

400 

19 

998 

1910 

259 

335 

348 

21 

963 

1911 

267 

339 

308 

20 

934 

1912 

278 

354 

268 

20 

920 

1913 

282 

355 

252 

19 

908 

1914 

295 

358 

23tS 

19 

910 

1915 

304 

361 

263 

17 

945 

1916 

308 

345 

247 

17 

917 

1917 

303 

344 

231 

18 

896 

1918 

295 

332 

215 

18 

860 

1919 

288 

330 

205 

18 

841 

The  following  schedule  shows  the  additions  to,  and  the  changes  and 
losses  in  the  membership  which  have  occurred  during  the  year  ending 
31    March    last: 

Schedule  of  Memhership,  31  March  1919. 


Fellows 

Associates 

Students 

Cones- 
ponding 
Members 

Total 

i.  Number  of  JMembers 
in  each  class  on 
31  I\Iarcli  1918 

ii.    Withdrawals  by 

(1)  Death    .    ■     . 

(2)  I'esio^nation    or 

otherwise  . 

iii.  Additions  to  Menibersliii) 

(1)  By  Election  . 

(2)  IJy  E.xamination   . 

(3)  l{y  Re-instatenient 

iv.  Transfers 

(1)  ]5y  I'^xiiniination  : 

_/»-o»»  Associates 
to  Fellows 

(2)  By  E.xauiiiiatioii: 

from    Students 
to  Associates    . 

V.  Niniiber    of    jMcnibers 
in     each     class    on 
31  .Afarcli  1919 

295 

7 

1 

332 

7 
2 

215 

7 
3 

18 

860 
27 

287 
1 

323 
3 

205 

1 
3 

:    :    :         oo 

833 

8 

288 

... 

326 

209 

18 

841 

288 

326 
4 

209 
4 

18 

841 

288 

330 

205 

18 

841 

[Continued  on  page  392.] 


■JVV 

Uv. 

1918. 
/  £      s. 

8,045     3 

d. 

7 

433  18 
372  16 
798  15 

2 
1 
3 

±116  MrmiiiuiG  oj  j^ciuaries. 


Rei 


[_UCT. 
Account  for 


AiKioimb  of  Funds  at  the  beginning  of  the  year — 

General  Fund   (including  Stock  of  Publications,  otlier 
than  Journal)      ....... 

Messenger  Legacy  Fund     ...... 

Urown  Prize  Fund      ....... 

O.  F.  Hardy  Memorial  Fund      ..... 


8,1 84 
446 
383 
832 


9,645  13     1 


751  16  0 

532     7  0 

126     0  0 

13     2  6 

1,423     5  6 

3    3  0 

1,426    8  6 

57  15  0 


1.368  13 

6 

4     4 

0 

3     3 

0 

7     7 

0 

76  19 

11 

295  14 

4 

13    0 

4 

11     3 

8 

39    4 

2 

1919. 
d.       £ 


13  2 

18  6 

19  9 
19  5 


G.  F.  Hardy  Memorial  Fund  (A.  J.  Cook's  Bequest) 
ubscriptions — 

Fellows 804     6  0 

Associates.          ........  565  19  0 

Students 157  10  0 

Probationers 32  11  0 

1,560     6     U 

Fines  on  Reinstatement 

1,560  6  0 
Less  Waived  and  returned  to  Members  and  Probationers 

on  Naval  and  Military  Service     .          .          .         48  6  0 

1,512  0  0 

One  Annual  Subscription  Compoinuled  for          .          .          10  10  0 
Entrance  Fees— 
Associates 

Students    .         .         .         .         .         .         .         .         .           5  15  6 

Probationers 18  18  0 


Balance  of  Publications  Account 
Divideiuls  and  Interest  — 

General  Fund     . 

Messenger  Legacy  Fund 

Brown  Prize  Fund 

G.  F.  Hardy  Memorial  Fund 


9.848  10 
135   11 


1,522   10 


24  13 

134  11 

215  19 

3 

13  8 

2 

11  10 

5 

19  2 

2 

359     2     6 


£11,437  16     0 


260     0 


£11,925  16 


Fuhli cation. <i  Account  for 


X,    s.    d. 

249     0     2  Stock  (excludins:  Journal)  at  the  beginning  of  the  year 

105  12     8  Cost  of  Reprint  of  Text-Book,  Part  II         .         ."        .         .         . 

Cost  of  Reprint  of  Sir  G.  F.  Hardy's  Prize  Essay  on  Friendly  Societies 

33     3     4  Binding,  Advertising,  &c.        ........ 

76  19  11  Balance 


£      s. 
323  19 

37     0 

31     1 

134  11 


£464  16    1 


£526  12 


Balance  Sht 


£       s. 

8,184  13 

233     9 

213     9 


LIABILITIES. 


2  General  Fund  .... 

2  Messenger  Legncy  Fund 
4  Accumulated  Dividends 

0  Brown  Prize  Fund  .... 
Accumulated  Dividends  . 

G.  F.  Hardy  Memorial  Fund    . 
8  Accumulated  Dividends  . 

832  19     5 

Reserve  for  Income  Tax  ou  War  Loan  Stock 

20     5  11   .'Sundry  unpai<l  Accounts  .... 

Examination  Fees,  1919  .... 

£9,868  16     9 


£     s.    d.         £      s.    d. 
8,242  10     7 
.233     9     2 


446  18 
200    0 
183  19 

6 
0 
9 

383  19 

767  15 

65    3 

9 
9 

8 

.   226 

17 

6 

.  200 
.  195 

0 
10 

0 
2 

.  903 

.  84 

7 
5 

0 
10 

460  6 

8 

395  10 

2 

987  12 

10 

10.086  0 

.   145  13 

38  8 

10  10 

£10,280  11 

lyiy.j    Jtnnuai  ureneiat,  irieeiiiifj. 
ar  ending  31   March  1919. 


-OiiiiV'iiLeni  uj  jH-ccuu/iif). 


1918. 

£       s.    d.  Joi'.rnal- 


260 
43 


Printing  of  Nos.  267,  268 
p]ditoriiil  Expenses 


303 
102 


10 
2 


Less  Sales  during  the  year 

201     0     8 

25     8     3  Library — Binding,  I'lucliases,  &c. 
25     6     4  Meetings  ..... 
Legal  Charges 


600     0  0  Offiee  Expenditure— Rent 

520     9  0  Salaries     . 

49  17  2  House  expenses 

30     7  2  Fire  and  other  Insurance 

78  17  11  Stationery  and  Printing 

20     5  0  Postage  and  Telegrams 

57  13  8  Sundries    . 


1919. 


£  .0.    d. 

399  10     5 

43  2     6 

•142  12  11 

128  8     6 


600  0  0 

534  6  2 

55  5  1 

32  14  10 

149  7  1 

38  2  11 

4  4     8 


314 

4 

5 

49 

3 

2 

21 

12 

0 

40 

16 

0 

1,357     9  11  1,414     0 

9,848  10  10  Amount  of  Funds  at  the  end  of  the  year  as  per  Balance  Sheet        .  .  10.086     0 


11,457  16     0 


Hxamined  and  found  correct,  28  April  1919. 
W.  MOUAT  JONES,       ~) 
E.   W.   HUMF^HRY,  [Auditors:. 

STANLEY    HAZKLL,      ) 


i:11.925  16 


mr  ending  31  March  1919. 


£      *.   d. 

140  16  11  Sales  (excluding  Journal)        .... 

323  19     2  Stock  (excluding  Journal)  at  the  end  of  the  year 


£ 

s. 

d 

277 

5 

i 

219 

6 

£464  16  1 


Examined  and  found  correct,  28  April  1919. 
W.  MOUAT  JONES,       ") 
E.  W.  HUMPHRY,  ^Auditors. 

STANLEY   HAZELL.      ) 


IQ  12 


1  March  1919. 


d.  ASSETS. 

0  £3,000  Natal  3  per-cent  Inscrihed  Stock 

0  £1,000  Dominion  of  Canada  31  per-cent  Registered  1930-50  Stock 
0  £1,000  New  South  Wales  3i  p"er-cent  Inscribed  1930-50  Stock       . 
0  £600  Belgian  Government  3  per-cent    Sterling  Loan  of  1914 
0  £4,500  5  per-cent  War  Stock,  1929-47. 
0  £400  National  War  Bonds,  4  per-cent,  1927  . 
2  Stock  of  Publications  (excluding  Journal)  in  hand 
Cash  on  Deposit  Account        ..... 
10  Cash  on  Current  Account  and  in  hand    . 
0  Subscriptions  in  Arrear  .  . 

9  £954.  5s.  Gd.  5  per-cent  War  Stock,  1929-47  (G.  F.  Hardy  Fund) 
The  Stock  Exchange  Securities  are  taken  oX  the  values  at  which  they  stood  on  31  Marcli 
1916,  and  at  cost  price  in  the  case  of  any  acquired  since  that  date. 


£ 

s. 

1,875 

0 

726 

o 

700 

0 

357 

15 

4,275 

0 

400 

0 

323 

19 

355 

18 

87 

3 

767 

15 

£ 

s. 

.  1,875 

0 

.   726 

5 

.   700 

0 

.   357 

15 

1,275 

0 

400 

0 

249 

6 

250 

0 

.   480 

18 

63 

0 

.   903 

7 

£9,868  16    9 


Examined  and  found  correct,  28  April  1919. 
^V.  MOUAT  JONES,       -^ 


E.  W.  HUMPHRY, 


Auditors. 


£10,280  11 
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There  are  also  169  candidates  admitted  as  Probationers,  and  73  as 
Students  conditionally  on  tlieir  passing  Part  I  of  the  l<^xamination.  These 
are  not  included  in  the  above  Schedule  of  ]\Ieuibership.  The  numbers  in 
these  two  classes  since  31  March  1913  have  been  as  follows  : 


On  31  March 

Probationers 

Conditional 
Students 

On  31  March 

Probationers 

Conditional 
Students 

1914 
1915 
1916 

200 
188 
172 

67 
72 
73 

1917 
1918 
1919 

173 
156 
169 

67 
70 
73 

The  Council  have,  with  great  regret,  to  report  the  loss  bj'  death,  since  the 
last  Annual  Meeting,  of  five  Fellows,  Messrs.  Vyvyan  Marr,  J.  G.  Priestley, 
H.  T.  Kav  Robinson.  C.  Stevens,  and  H.  Arclier  Thomson  ;  seven  Associates, 
3Iessrs.  W.  Borland,  E.  C.  Coote,  F.  Defries,  J.  C.  Hurley,  H.  B.  Keable, 
A.  G.  Portch.  and  W.  G.  Titmuss  ;  and  five  Students.  Messrs.  G.  L.  L.  Carter, 
T.  Middleton,  H.  J.  JMills,  E.  A.  Newland,  and  A.  E.  D.  Watson.  Eight  of 
these  Members,  namel}',  Lieut. -Col.  H.  T.  Kay  Robinson,  D.S.O.  and  Bar, 
Captains  F.  Defries  and  T.  Middleton,  Lieutenants  H.  J.  Mills  and  E.  A. 
Newland,  Lance-Corporal  J.  C.  Hurley,  Lieutenant  H.B.  Keable,  R.N.V.R., 
and  Naval  Instructor  G.  L.  L.  Carter,  rendered  the  supreme  sacrifice  in  the 
Nation's  cause.  The  Council  have  in  addition  to  record  with  much  regret 
the  deaths  of  twentv-one  Probationers  of  the  Institute,  Captains  E.  C.  K. 
Clarke.  M.C..  and  J.  H.  Orr.  Lieutenants  J.  W.  E.  Alexander,  E.  M. 
Dove,  M.C.,  R.  G.  Gale,  A.  S.  Gregory,  M.  H.  Grigg,  F.G.  Goodyear,  M.C., 
and  D.  A.  Roberts,  Lance-Corporal  F.  L.  Bristow.  Gunner  C.  G.  Gifkins, 
and  Privates  G.  F.  T.  Ascott,  V.  J.  Austin,  W.  Bradley,  H.  W.  Brown, 
R.  Cole,  T.  G.  Cuuliffe,  A.  R.  Harriss,  C.  P.  Maddox,  C.  S.  Shilson,  and 
A.  D.  Steed,  whose  lives  were  also  given  in  the  service  of  their  King 
and  Country.  The  Council  hope  at  an  early  date  to  place  in  the  Hall  of 
the  Institute  a  memorial  of  the  Members  and  Probationers  who  have 
fallen  in  the  War. 

By  the  death  of  Mr.  Vyvyan  IMarr  the  profession  has  lost  one  of  its 
most  loyal  and  valued  IMembers.  I\Ir.  Marr  had  served  on  the  Council  of 
the  Institute,  and  at  the  time  of  his  death  was  Chairman  of  the  Board  of 
Examiners. 

Messrs.  C.  Stevens  and  J.  G.  Priestlej^  were  known  to  but  few  of  the 
])resent  generation  of  actuaries.  They  were  the  last  surviving  Members  of 
tlie  Actuaries'  Club  who  became  Fellows  of  the  Institute  under  the  Charter. 

The  Annual  Subscriptions  and  the  Entrance  Fees  appearing  in  the 
Revenue  Account  amounted  to  £1.547.  'is.  6d.,  as  compared  with 
£1,376.  0.9.  6d.  in  the  previous  year.  The  Income  and  Expenditure  for  the 
year  were  £1,941.  lis.  Gd.  and  £1,839.  16.?.  -id.  respectivel}-. 

At  the  close  of  hostilities  the  total  number  of  Jlembersand  Proliationers 
who  had  been  on  service  with  tlie  Army  and  Navy  was  428,  of  whom  75  had 
been  killed  in  action  or  died  of  wounds. 

On  behalf  of  the  Institute  the  Council  have  submitted  to  His  Majesty 
The  King  a  Loyal  Address  on  the  signing  of  the  Armistice. 

The  amended  Bj'e-laws  regulating  the  election  of  Members  of  the  Council, 
duly  passed  and  confirmed,  at  Special  General  Meetings  of  the  Fellows  and 
Associates  of  the  Institute,  have  received  the  sanction  of  the  Privy  Council. 

The  Council  have  accepted  witli  mucb  regret  the  resignation  of  Mr.  J. 
Spencer  as  Joint  Honorary  Librarian.  Mr.  Spencer  held  the  office  for  ten 
j-ears,  and  the  thanks  of  the  profession  at  large  are  due  to  him  for  the 
v.Tluable  services  thus  rendered.  Mr.  A.  D.  Besant  has  been  appointed  to 
fill  the  vacancv. 
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The  Council  desire  to  place  on  record  their  appreciation  of  the  work  of 
the  Board  of  Examiners  in  preparing  a  course  of  reading  for  the  guidance 
of  students.  The  course  of  reading  lias  been  published  in  the  Journal,  and 
is  issued  as  part  of  the  revised  Regulations  and  Syllabus  of  Examinations. 

As  already  announced,  the  Council  have  decided  to  resume  the  Examina- 
tions of  the  Institute.  The  first  to  take  place  under  the  new  Regulations 
will  be  held  from  the  23  to  the  25  June  next.* 

During  tbe  Session  a  special  course  of  Lectures  was  arranged  for 
Students  and  Probationers  preparing  for  Parts  I  and  II  of  the  Examina- 
tions. The  Council  take  this  opportunity'  of  thanking  those  who  have 
undertaken  to  deliver  the  Lectures. 

The  Council  have  in  contemplation  one  or  more  courses  of  Lectures,  to 
be  given  at  the  Institute  during  next  Session,  on  subjects  included  in  the 
Syllabus  for  Parts  III  and  IV  of  the  Examinations  as  well  as  on  subjects 
outside  the  S\'llabus  but  of  general  interest  to  the  profession. 

The  Council  have  been  approached  by  the  PiOj'al  Patriotic  Fund 
Corporation  to  undertake  the  valuation  of  the  Eunds  under  its  control.  In 
continuing  this  work,  which  was  jjerformed  b}'  the  Institute  some  years  ago. 
the  Council  believe  that  their  action  will  meet  with  the  hearty  support  of 
the  Members. 

Tlie  stock  in  liand  of  the  Institute  publications  on  :51  March  was  as 
follows  : 

Desciiptiou  of  Work 
Parts  of  Journal. 
Index  to  Vols.  1  to  40. 
Text-Book,  Part  1  (Revised  Edition). 
Text-Bouk,  Part  11  (Second  Edition). 
Government  Joint- Life  Annuity  Tables. 
Select  Life  Tables. 
A  Sliort  Collection  of  Actuarial  Tables  (New 

Edition). 
Frequency-Curves    and    Correlation,    with 
Addendum  and  Errata  (W.  P.  Elderton). 
^  (  Lectures  on   Finance  and    Law  (Clare  and 

)    •         •       \      Wood  Hill). 

Lectures    on    the    Conip;inies    Acts    (A.   C. 

Clauson). 
Lectures  on  the  Law  of  Jlortgage  (W.  G. 

Hayter). 
Lectures  on  tlie    Measurement   of    Groups 

and  Series  (A.  L.  Bowley). 
Lectures  on  the  Construction  of  Tables  of 
Mortality,  &c.  (Sir  G.  F.  Hardy,  K.C.B.). 
Lectures  on   Stock  Exchange   Investments 

(J.  Hurn). 
Lectures     on     Friendly     Society     Finance 

(Sir  A.  W.  Watson). 
South  African  War  Mortality  (F.  Schooling 

and  E.  A.  Rusher). 
Life  Assurance  Law  (A.  R.  Barrand). 
British  Offices'  Valuation  Tables. 
British    Offices'    2f    per-cent     Temporary 

Annuity  Values. 
Transactions  of    the    Second    International 

Congress  of  Actuaries. 
Index    to    Transactions    of    Seven    Inter- 
national Actuarial  Congresses. 
Examination  Questions,  1912-15. 


No.  of  Copies 

29,716 

726 

1,-582 

375 

630 

728 

14 

844 

38  in  cloth 
2,308  in  paper 
1,525 

1,187 

693 
1,375 

842 
1,492 

315 

241 
644 
642 

135 

781 


1,500 
12  Maij  1919 

VOL.    LI. 


For  Results  see  pp.  394—5. 


2    F 


394 


The  Institute  of  Actuaries. 


[Oct. 


EXAMINATIONS,  JUNE   1919. 

Examinations  were  held  on  the  23rd,  24th  and  2oth  June.  1919,  at 
London,  Liverpool,  Norwich,  Edinburgh,  Dublin,  Melbourne,  Sydne}-, 
Wellington,  Montreal,  Toronto,  Ottawa,  Winnipeg,  Bombaj',  and  Calcutta, 
with  the  following  results: 


Paet 


-Section  A. 


Seventy  candidates  sent  in  their  names,  of  whom  fifty-nine  presented 
themselves,  and  twenty-six  passed,  namely  : 


Allen,  F.  D.  C. 
Chapman,  H.  V. 
Cojie  A. 

Douglas,  F.  C.  R. 
Fassel,  E.  G. 
Freeman,  H. 
Goodfellow,  P. 
Hallett,  H.  J. 
Hooker,  P.  F. 


Ibbotson,  L.  E. 
Johnston,  W.  N. 
Knowles,  M.  B. 
Long,  J.  A. 
Milnes,  H.  L. 
Murray,  J.  R.  C. 
Ferryman,  F.  S. 
Reynolds,  P.  C. 
Southwell,  M.  G. 


Stark,  A.  W. 
Tharp,  H.  W. 
Thakur,  B.  T. 
Thomas,  J.  H. 
Unthank,  H.  W. 
Walker,  J.  R. 
Walker,  R.  B. 
Willows,  C.  E. 


Paet  I. — Section  B. 

Forty-five   candidates    sent    in    their   names,    of    whom    thirty-seven 
presented  themseh'es,  and  eighteen  passed,  namely  : 


Allen,  F.  D.  C. 
Cope,  A. 
Fassel,  E.  G. 
Gibberd.  J.  A. 
Goodfellow,  P. 
Hooker,  P.  F. 


Ibbotson,  L.  E. 
Johnston,  W.  N. 
Knowles,  M.  B. 
Long,  J.  A. 
Mann,  A.  H. 
Murray,  J.  R.  C. 


Ferryman,  F.  S. 
Polden,  L.  S. 
Thomas,  J.  H. 
Thakur,  B.  T. 
Unthank,  H.  W. 
Warren,  L.  A.  H. 


Pakt  II. 

Thirty-seven   candidates   sent    in   their   names,    of    whom   thirty-five 
presented  themselves,  and  sixteen  passed,  namely : 


Capon,  G.  W. 
Claike,  J.  H. 
Coleman,  H.  D. 
Fassel,  E.  G. 
Hocking,  W.  S. 
Houston.  C.  C. 


Innes,  F.  F. 
Knowles,  M.  B. 
Mabon.  J.  B. 
McLean,  P.  S. 
Maddex,  G.  H. 
Marriott,  A. 


Rider,  W.  W.  H. 
Rutherford,  C.  D. 
Shrewsbur3',  A.  H. 
Thorpe,  A.  H. 
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Pakt  III.  — Section  A. 

Twenty-five   candidates    sent    in    their    names,    of    whom     twenty-four 
presented  themsolves,  and  sixteen  passed,  namely: 


Barrett,  C.  C.  C. 
Blake,  W.  T.  C. 
Erown,  S.  P. 
Carpmael,  C. 
Chatham,  E.  ¥. 
])avidson,  A.  M. 


Denmark,  U.  J. 
-rolmson,  A.  X. 
Ivla-ge,  O.  C.  J. 
-\[oore,W.  R. 
Savory,  1).  S. 
Watson,  A.  D. 


Weyer,  D. 
White,  0.  D. 
Wickens,  C.  H. 
Wilson,  A.  B. 


Part  III. — Section  B. 

Eighteen    candidates    sent    in    their   names,    all    of   whom   presented 
themselves,  and  four  passed,  namely  : 


Barrett,  C.  C.  C. 
Chatham,  E.  F. 


Ivlagge,  O.  C.  J. 
Savory,  D.  S. 


Pakt  IV. — Section  A. 

Twent^'-seven    candidates    sent    in    their    names,    of  whom  twenty-six 
presented  themselves,  and  fifteen  passed,  name)}-  : 


tBrenton,  W.  P. 
tBrown,  P.  G. 
tEvans,  A.  W. 
fFielder,  T.  L. 
tHustwitt,  W.  E. 


tMcCormack,  P.  ii. 
I-Menzler,  F.  A.  A. 
tPaton,  A.  G. 
tliobertson,  F.  W. 
fSearle,  A.  J. 


tSmither,  H.  B. 
fTraversi,  A.  T. 
fTyler,  V.  W. 
tUnderwood,  R.  E. 
fWilton,  H.  G. 


Tliose  iii.irked  (t)  have  now  completed  the  Examination  for  the  Class  of  Fellow. 

By  Order  of  the  Council, 

A.  C.  THORN E, 

Chairman  of  Board  of  Examiners. 

W.  PALIN  ELDERTON, 
H.  M.  TROUXCER, 

Joint  Honorary  Secretai'ies. 


2  r  2 
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PEOCEEDIXGS  AT   THE   ANNUAL    GENERAL   MEETING. 

The  Seventy-Second  Aiimial  General  Meeting  of  the  Institute  of 
Actuaries  was  held  in  Staple  Inn  Hall,  Holborn.  on  Mondaj',  2  June  1919, 
:Mr.  Geoffrej'  Marks.  O.B.E.  (President),  in  the  Chair.  Mr.  A.  Levine 
(Hon.  Secretary)  read  the  Notice  convening  the  Meeting.  The  Minutes 
of  the  preceding  General  ^Meeting  were  read  and  confirmed. 

The  Pbesibext  said  that  the  first  thing  which  attracted  attention  in  the 
Report  was  the  progressive  decrease  in  the  number  of  their  members.  That 
could  not  be  attributed  to  the  War,  because  the  decrease  began  as  far  back 
as  1909  and  had  been  going  on  ever  since.  When  he  looked  at  the  figures 
he  asked  himself  whether  it  could  possibly  be  the  result  of  the  comparatively 
limited  outlook  that  there  was  for  the  profession  in  the  days  when  the 
decline  in  membership  first  began.  B\-  limited  outlook  he  meant  in  the 
sense  that  the  number  of  Actuaries  was  getting  greater  than  tlie  possible 
openings  for  their  activities  and  energy.  If  that  were  the  real  explanation 
of  the  decrease  in  numbers,  he  hoped  that  the  action  which  the  Council  had 
taken  in  the  last  year  or  so  would  lead  to  a  comparativel}'  rapid  restoration 
of  the  numbers  to  the  high-water  mark  which  they  reached  in  1909. 

Naturally,  a  prominent  place  in  the  Report  was  taken  by  their  record 
in  the  country's  cause.  He  thought  they  might  congratulate  themselves 
that  the  Institute  had  done  its  dutv  nobly.  A  large  proportion  of  their 
eligible  members  had  gone  on  service,  and  of  that  number  a  high  proportion 
had  laid  down  their  lives.  That,  he  thought,  was  a  testimonial  to  their 
loyalty  and  bravery,  and  it  would  be  for  the  Council  to  consider,  in  the 
course  of  the  coming  year,  what  form  of  memorial  should  be  placed  jn  the 
Hall  to  their  memories.  He  hoped  that  the  memorial  which  they  put  up  might 
liave  some  reference,  not  only  to  the  service  which  those  men  had  rendered, 
but  to  the  end  whicli  they  had  attained  in  that  service. 

The  onh-  deaths  to  which  he  would  refer  were  those  of  Yyvyan  Marr 
and  Archer  Thomson,  both  of  them  loyal  servants  of  the  Institute — ^the 
former  cut  off  in  the  height  of  his  usefulness  and  the  latter  giving  in  after 
a  long  struggle  with  indifferent  health.  Marr  was  a  conscientious  man  in 
all  the  aspects  of  his  life  and  Arclier  Thomson  had  almost  a  genius  for 
friendship,  which  endeared  him  to  all  those  with  whom  he  came  in  contact. 

The  consideration  of  the  numbers  of  those  who  had  lost  their  lives  led 
him  to  mention  another  point,  and  with  some  emphasis.  It  was  obvious  to 
him,  as  well  as  to  the  older  men  amongst  them,  that  the  old  order  with 
which  they  were  familiar  was  changing,  not  oi\]y  in  the  Institute,  but  every- 
where outside  it.  For  the  older  among  tliem,  whether  they  were  individuals 
or  institutions,  it  must  be  a  painful  process,  and  whether  ur  not  they  could 
get  any  good  out  of  it  depended  on  the  amount  of  ease  and  unselfishness 
with  which  they  subordinated  their  private  interests  to  the  common  good. 
There  was  no  doubt  that  man}-  of  the  changes  in  the  circumstances  in  which 
they  were  living  and  were  going  to  live  were  such  that  old  institutions 
such  as  their  Institute  and  old  individuals  like  himself  must  either  adapt 
themselves  or  perish.  The  individual  perishing  did  not  much  matter,  but 
it  was  not  thinkable  that  an  Institute  such  as  that  should  perish  or  that  its 
usefulness  should  be  in  any  way  abated,  and  his  conviction  was  (and  he 
hoped  they  would  share  it  with  him)  that  out  of  the  turmoil  and  trouble 
through  which  they  had  passed  the  Institute  might  arise  stronger  and  more 
powerful  than  it  had  ever  been  before,  touching  more  important  and  wider 
aspects  of  life  and  dealing  with  them  as  their  training  and  experience  ought 
to  enahle  them  to  do.  He  did  not  know  that  they  considered  often  enough 
that  the  Institute  was  the  centre  of  their  profession  all  over  the  world.  The 
members,  as  a  body,  had  not  so  manx"^  opportunities  of  realizing  that  as  had 
the  members  of  the  Council  and  the  President.  It  was  an  aspect  of  the 
matter,  however,  which  he  would  ask  them  to  bear  in  mind,  because  he  could 
assure  them  that  what  they  did  there  was  closely  scrutinized  throughout 
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the  world,  and  the  example  which  they  set  would  be  followed  whereA'er  their 
profession  and  its  tenets  had  penetrated,  and  that  area  was  practically  the 
Avhole  world— China  and  Japan,  as  well  as  more  advanced  countries  like 
America  and  the  Colonies. 

In  considering  to  what  extent  the  usefulness  of  the  Institute  might  be 
increased,  the  Council  had  devised  certain  methods  and  plans  which  were 
gradually  maturing.  The  modification  of  the  syllabus  and  the  resumption 
of  the  examinations  in  a  different  form,  and  at  more  frequent  intervals,  was 
one  method  which  the  Council  felt  would  help  to  make  up  the  ground  which 
had  been  lost  by  so  manj'  of  the  j-ounger  members  during  the  last  four  or 
five  years.  The  Special  Lectures  which  the  Council  had  instituted  for  the 
benefit  of  candidates  in  Parts  I  and  II  had  been  a  great  success,  and  in  the 
name  of  the  Council  he  would  like  to  thank  those  gentlemen  who  gave 
them.  Further  courses  of  a  more  advanced  character,  and  of  a  scope  some- 
what outside  the  range  of  their  previous  interests,  were  being  arranged. 
The  Council  had  decided  to  have  at  least  two  courses  of  Lectures,  one  dealing 
with  economics  and  banking  and  one  with  general  statistics,  in  contradis- 
tinction to  their  vital  statistics. 

As  regarded  the  first,  he  was  authorized  to  approach  Professor  Foxwell, 
and  he  was  glad  to  say  that  he  had  agreed  to  give  a  course  of  Lectures  which 
would  be  somewhat  more  extensive  than  the  Council  originally  intended, 
because  Professor  Foxwell  told  him  that  from  his  experience  at  the  School 
of  Economics,  if  anj'  realh'  good  results  were  to  come  out  of  such  a  course 
as  they  proposed,  it  must  be  a  somewhat  extended  course.  As  at  present 
advised.  Professor  Foxwell  thought  that  there  should  be  three  sessions,  in 
each  of  which  ten  Lectures  should  be  delivered.  The  Lectures  would  be 
delivered  once  a  week  at  some  convenient  time,  and  they  would  be  0]ien  to 
all  members  of  the  Institute.  Neither  in  that  course  nor  in  the  statistical 
course,  the  details  of  which  were  not  yet  settled,  would  there  be  included 
any  examinations,  so  that  would  free  the  minds  of  a  good  many  of  them 
from  a  certain  amount  of  anxiety.  The  Council  felt  that  the  members  who 
attended  those  Lectures,  and  desired  to  show  to  their  fellows  and  to  the 
world  that  they  had  attained  a  certain  amount  of  proficiency  in  the  subjects 
dealt  with,  should  have  an  opportunit}'  given  them  to  prove  that  proficiency, 
and  the}'  therefore  had  agreed  that,  in  order  to  encourage  original  work. 
Papers  should  be  invited,  not  necessarily  on  any  specific  point  dealt  with  in 
tho  Lectures,  hut  on  some  subject  chosen  by  the  student  himself. 
Papers  which  were  considered  to  be  of  sufficient  merit  would  be  rewarded 
b\'  prizes  out  of  the  funds  at  the  disposal  of  the  Institute,  and  the  Papers 
would  be  published  in  the  Journal  if  they  were  appropriate.  Personal!}-, 
he  thought  that  if  they  were  not  suitable  for  the  Journal,  either  owing  to 
their  length  or  some  other  cause  independent  of  their  merit,  but,  in  the 
opinion  of  the  Council,  were  of  sufficient  merit  to  deserve  publication,  then 
they  might  be  published  at  the  expense  of  the  Institute.  However,  that 
was  only  his  own  personal  opinion  and,  so  far,  he  had  not  submitted  the 
idea  to  the  Council.  He  would  like  to  emphasize  the  fact  that  the  con- 
tinuance of  those  opportunities  for  a  higher  and  wider  education  must 
depend  very  mucli  upon  the  favour  which  was  accorded  them  by  the 
members.  It  was  going  to  be  n  considerable  cost  to  the  Institute  to  initiate 
those  courses,  and  the  only  justification  for  the  expense  would  he  the  interest 
shown  and  the  results  secured. 

Another  indication  that  the  Council  was  alive  to  the  tendencies  of  the 
times  was  to  be  found  in  the  new  regulations  for  the  election  of  members  of 
the  Council.  They  had  amended  their  bve-laws  on  the  democratic  basis 
which  was  now  fashionable.  He  thought  the  method  which  the  Council 
had  devised  tended  to  stimulate  interest  in  their  domestic  concerns,  and  that 
Avas  all  to  the  advantage  of  the  Institute  as  a  whole.  The  Council  had  also 
introduced  regulations  as  to  the  nominations  for  the  Presidency,  which  were 
as  democratic  as  those   whicli   pertained  to  the  election  <>F  members  of  the 
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Council.  Alfchou^'h  b}-  tlieir  bye-liiws  they  could  not  <jo  outside  the  Council 
to  secure  nominations  for  the  Presidency,  yet  the  Council  had  arranj^ed  that 
any  meraher  of  that  body  mi^ht  nominate  any  other  member  who  was 
qualified  to  act  as  President,  quite  independently  of  seniority  or  any  other 
considerations  than  those  of  merit.  If  more  than  one  nomination  were 
made,  the  question  as  to  who  should  occupy  the  Presidential  Chair  would  he 
settled  by  ballot. 

He  thought  he  had  said  enough  to  show  that  the  governing  body  was 
doing  its  part  in  the  new  order  of  things  which  they  anticipated.  The 
members  must  help.  There  should  be  no  body  of  men  engaged  in  business 
or  professional  work  better  qualified  than  they  were  to  achieve  success,  not 
only  in  their  ordinary  work,  but  in  any  other  vocation  of  life.  He  had 
often  thought,  and  he  believed  it  was  true,  that  acicuracy  and  imagination 
were  the  prime  factors  in  a  successful  career.  Since  their  earl^'  mathematical 
training  must  tend  to  accuracy,  and  seeing  that  the  fact  of  so  large  a 
portion  of  their  training  and  work  being  devoted  to  the  application  of  the 
theory  of  ])robabilities  to  the  affairs  of  life  must  stimulate  imagination, 
members  of  the  Institute,  if  their  early  training  was  followed  up  and  the 
qtialities  which  they  had  learned  were  properlj'  developed,  ought  to  secure 
success  in  ever\'  walk  of  life  to  which  the^'  chose  to  turn.  He  hoped 
members  would  bear  that  in  mind  and  try  to  realize  that  the  policy  of  the 
Council,  which  he  also  hoped  would  be  the  policy  of  the  Institute,  was  to 
encourage  a  wider  and  more  practical  outlook,  not  only  upon  the  affairs  with 
which  they  had  had  to  deal  in  the  past,  but  on  affairs  which  were  of  vital 
importance  in  the  life  in  which  they  moved. 

Mr.  R.  ToDHUNTER,  in  seconding  the  motion,  said  he  believed  the  report 
would  be  regarded  as  a  satisfactory  record  for  a  period  which,  perhaps,  of 
all  periods  in  the  history  of  the  Institute,  had  the  best  claim  to  the  over- 
worked title  of  a  transition  period.  Satisfactory,  however,  as  the  report 
was,  it  was  not  an  entirely  complete  record  of  the  activities  of  the  Council 
or  of  its  executive  members;  a  few  unconsidered  trifles  had  been  passed 
over.  First  and  foremost,  he  would  mention  the  public  services  rendered 
by  the  President  as  a  member  of  two  Royal  Commissions — the  Income 
Tax  Commission  and  the  Commis.sion  on  Decimal  Coinage.  It  must,  he 
thought,  he  as  unprecedented  in  the  history  of  the  Institute  as  it  was 
gratifying  that  the  head  of  the  profession  in  this  country  should  be 
serving  on  two  such  bodies.  Then,  again,  the  Council  had  taken  no  credit 
for  the  very  interesting  and  instructive  meetings  which  were  held  in 
March  and  April.  Those  who  had  had  experience  in  the  ananging  of 
meetings  would  know  that  their  warmest  thanks  were  due  to  the  executive 
officers  for  having  given  them  those  two  gatherings.  One  other  incident 
worth  noting  was  the  remarkable  conjuring  trick  by  which  the  hon. 
librarians  had  succeeded  in  accommodating  all  the  books  of  the  library 
in  the  cloak  room.  In  recording  the  various  happenings  of  the  session 
they  must  remember  that  the  really  great  event  distinguishing  it  from 
every  other  session  in  the  history  of  the  Institute  was  the  coming  back 
of  their  members  from  Service.  While  the}'  deeply  deplored  the  loss  of 
those  who  had  not  come  back,  thev^  welcomed  and  congratulated  those  who 
were  once  again  with  them. 

The  President  mentioned  that  one  of  the  earliest  questions  which  the 
Institute  would  have  to  tackle  when  thej'^  re-assembled  concerned  the 
admission  of  women.  He  imagined  that,  by  the  time  thej'  resumed,  most 
of  their  members  would  have  returned  from  the  Front,  and  they  would  be 
a  full  body,  able  to  deal  with  that  question  effectively,  and  he  hoped, 
finally. 

Election   of   Officers. 

The  rejiort  having  been  unnniraously  adopted,  a  ballot  was  then  taken 
for  the  election  of  five  menibers  of  the  Council.     The  President  subsequently 
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announced  that  tlie  Officers  and  Council  for  the  ensuing  year  would  be  as 
follows : — 

President. 

Geoffkey  Marks,  O.B.E. 

Vice-Presidents. 

Arthur  Digby  Besant,  B.A.        I    Abeaham  Levike,  M.A. 
Joseph  Burn,  C.B.E.  |    James  Douglas  Watson. 

Covncil. 

Sir  George  Ernest  May,  K.B.E. 
Henry  Edward  Melville. 
William  Charles  Sharman. 
Edward  Robert  Straker. 
,*Ernest  Charles  Thomas. 
Alfred  Charles  Thorne. 


Samuel  John  Henry  Wallis 

Allin,  C.B.E. 

*Herbert  Henry  Austin. 

*Henry  James  Baker. 

*Louis  Ernest  Clinton. 

Lewis  Frederick  Hovil. 

Charles  William 

Kenchington. 


Edward  William  Townley. 
Samuel  George  Warner. 


Owen  Kentish.  I  Sir  Alfred  William  Watson. 

GeorgeJamesLidstone,  F.R.S.E.  |  Arthur  Thomas  Winter. 

*Haeold  Edward  William  Lutt.  |  Ernest  AVoods. 

Reginald  George  Maudling.      !  William  Arthur  Workman. 

Treasurer. 
AViLLiAM  Peyton  Phelps,  M.A. 

Hon  ovary  Secretaries. 
William  Palin  Elderton.        |    Harold  Moltkb  Trouncer,  M.A. 

*  New  Members  of  Council. 

On  the  motion  of  Mr.  R.  L.  Elderton,  seconded  by  Mr.  H.  L. 
Trachtenbeeg,  Messr.s.  E.  W.  Humphry,  Stanley  Hazell,  and  D.  M. 
Carment,  were  elected  auditors  for  the  ensuing  year. 

Mr.  A.  R.  Barrand,  M.P.,  in  proposing  a  vote  of  thanks  to  the 
President,  Vice-Presidents,  Council  and  Officers,  including  Mr.  Jarvis,  the 
Assistant-Secretary,  for  their  services  during  the  past  year,  said  that  very 
few  words  were  needed  to  ensure  a  unanimous  vote.  They  all  knew  what 
the  President  had  done  for  them  during  the  past  A-ear  ;  his  work  spoke  for 
itself.  The}'  congratulated  themselves  most  heartily  that,  in  the  difficult 
and  critical  times  the}'  had  passed  through,  they  had  had  such  a  President 
as  Mr.  Geoffrey  Marks.  They  were  also  grateful  to  the  Vice-Presidents  and 
the  members  of  the  Council  for  what  they  had  done.  As  to  the  Assistant- 
Secretary,  they  might  regard  Mr.  Jarvis  as  the  permanent  civil  servant  who 
did  the  major  part  of  the  work,  and  he  thoroughly  deserved  their  warmest 
thanks. 

Mr.  Henry  Cockburn  seconded  the  vote,  which  was  carried. 

The  President,  in  acknowledging  the  resolution,  remarked  that  he  was 
particularly  pleased  to  hear  the  references  to  Mr.  Jarvis,  for  he  had  fully 
deserved  them. 

A  vote  of  thanks  was  accorded  to  the  auditors  on  the  proposition  of 
Mr.  E.  F.  Spurgeon,  seconded  by  Mr.  H.  E.  W.  Lutt,  and  was  acknow- 
ledged by  Mr.  Hazell. 

The  proceedings  then  tei-minated. 
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Additions  to  the  Library. 

The  following-  works  have  been  added  to  the  Library  since 
the  publication  of  the  Journal  for  October  1918  : 

By  whom  presented 
{tvhen  tM  purchased). 
Actuarial  Society  of  America. 

'I'laiisactioiis,  1918.  T/ie  Sodffif. 

Containing,  inter  alia — 

"  An  Analysis  of  Claims  for  'Jotnl  and  Permanent 

Disability  Benefits  ',  by  A.  Hunter. 
"  Valuation  of  Bond  Holdings  of  a  Life  Insurance 
Company",  by  F.  H.  Johnston. 

"Note  on  Mortality  by  Habits  Representation", 

by  P.  H.  Evans. 
"  Xote  on  Mean  Population   ',  by  .1.  S.  Tbfimpson. 

Actuarial    Society    of    America    and    Association    of  Life 
Insurance  Medical  Directors. 

Report  of  Joint  Committee.     Standard  Mortality  Ratios")         The  Acttuirial 
incident  to  variations  in  the  Heiglit  and  Weight  V  Sociefi/  of 

among  IMen.     Xew  York.     1918.  )  America. 

Actuarial  Society  of  Scandinavia. 

Transactions,  1918-19.  T/ie  Soeieti/. 

American  Academy  of  Political  and  Social  Science  (March  1917). 

8vo.     Philadelphia.  Fi'i'eJiaxed. 

Containing,  inter  alia — 

"  Life  Annuities",  bv  M.  A.  Liuton. 

"  Insurance  on  sub-stundard  lives  ",  by  A.  Hunter. 

"  The  problem  of  cash  surrender-values  and  cash 

loans  ",  by  .1.  B.  Lunger. 
"  Mutualization  of  Life  Insurance  Companies  "",  by 

M.  M.  Dawson. 
■"Conservation      of      life      by      Life      Insurance 

Companies  ",  by  Dr.  L.  K.  Frankel. 
"  Group  Insurance  ",  by  R.  B.  Trousdale. 
"The  exemption  of   Life   Insurance   Funds  from 

taxation  ",  by  Dr.  B.  D.  Mudgett. 
"  The    Disability    Insurance     Policy ",    by    A.    P. 

Woodward. 
"  Methods  of  insuring  Workmen's  Compensation  "', 

by  H.  E.  Ryan. 
"The   Calculation    of    Workmen's    Compensation 

Premium  Rates  ",  by  C.  E.  Scattergood. 

American-Canadian  Mortality  Investigation. 

Based  on  the  Experience  of   Life  Insurance  Companies  ^  „,,       ,   ,        .   , 

i.-  ii      TT    -i    1  e..  1.  1  ,^        J     J      •        i-i  /  ^tie  Actuarial 

ot  the  United  States  and  Canada  during  the  years  (_  S     '  /       f 

1900—1915,  inclusive  of  Policies  issued  from   1843  T  j         .  • 

to  1914.,  inclusive.     La.  8vo.     Xew  York.     1918.    )  ^imeru-a. 

American  Mathematical  Society. 

Transactions,  1918-19.  Tiie  Society. 
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American  Statistical  Association. 
Tniiisactions,  1918-19. 

*Ansou  (Sir  W.  R.,  Bart.). 

Principles  of  the  English  Law  of  Contract  and  of") 
Agency  in  its  relation  to  Contract.  14th  edit.  > 
8vo.     1917.  ) 

*Ashburner  ( — ). 

Concise  Treatise  on  Mortgai^cs,  Pledges  and  Liens,  ") 
by  W.  F.  Webster.     2nd  edit.     Svo.     1911.  j 

Association  des  Actuaires  Beiges. 
Bulletin,  1914. 

Austria. 

Bericht  der  Arbeiter-Unfall-Versiclierungs-anstalt  fiir  ) 
das  Konigreich  Bohmen.     1916.  ) 

Belgium. 

La  Caisse  Gencrale  d'Epargne  et  de  Retraite  pendant  ) 
la  Guerre,  1914-18.     Svo.     Brussels.     1919.  j 

'■  Biometrika." 

Vol.  XII,  Parts  I  and  II. 
Containing,  inter  alia — 

"  On  the  Standard  Deviation  of  Adjusted  and 
Interpolated  Values  of  an  observed  Polyncnnial 
Function  and  its  Constants  and  the  guidance 
they  give  towards  a  proper  choice  of  the 
Distribution  of  Observations",  by  K.  Smith. 

'•  On  the  Product-Moments  of  Various  Orders  of 
the  normal  correlation  surface  of  two  Variates", 
by  K.  Pearson  and  A.  W.  Young. 

••  The  Correlation  CoefRcieutof  a  Polychoric  Table", 
by  A.  Ritchie-Scott. 

"  On  a  Formula  for  the  Product-Moment  Coetficient 
of  any  order  of,  a  normal  Frequency  Distri- 
bution in  any  number  of  Variables ",  by 
L.  Isserlis. 

"  On  the  Mathematical  Expectation  of  the 
Moments  of  Frequency  Distributions ,''  by 
A.  A.  Tchouproff.     Part  I. 

Bowley  (A.  L.). 

The  Division  of  the  Product  of  Industry. 


]:y  whom  presented 
(vjhen  not  purchased). 

The  Asuociation . 


of  National  Income  before  the  War. 


An  Analvsis  "z 
Svo.     1919.  i 


Brockbauk  (Dr.  E.  M.). 

Life  Insurance  and  General  Practice. 


Svo.     1908. 


Carnegie  Foundation  for  the  Advancement  of  Teaching. 
Rules  for  the  Admission  of    Institutions  and  for  the 

granting  of  retiring  allowances.    4to.    Xew  York. 

1918. 
Twelfth  Annual  Report  of  the  President  and  Treasurer. 

4to.     New  York.     1917. 

Castelnuovo  (G,). 

Calcolo  delle  Probabilita.      La.  Svo.     Milan.     1919. 


Purchased. 


Purchased. 


The  Association. 


A  iisfriaii 
Government. 


Fl.  Hanlar. 


Purchased. 


Purchased. 


Purchased. 


W.J.  H.  What  all. 


The  Author. 
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Casualty  Actuarial  and  Statistical  Society  of  America. 
Proceedings,   1918. 
Containing,  inte>-  alia — 

"  Economic  Problems  of  tlis  World  War",  hy  .1.  D. 

Craig. 
"  The    relation     between    the    Actuary    and    the 

Statistician",  by  J.  D.  Ci'aig. 
"  Mortality  from  external  causes  among  Industrial 
Policyholders  in  the  Metropolitan  Life  Insur- 
ance Co.",  by  Dr.  L.   I.   Dublin. 
"  Essentials  of  Family  Statistics  ",  by  E.  W.  l-ro])f . 

Chartered  Insurance  Institute,  Journal  of  the 
Vol.  XXI.     8vo.     1918. 

Dougharty  (H.). 

Notes  on   Deposit   Pension  Schemes.     1919. 

Dublin  (Dr.  L.  I.). 

Mortality  Statistics  of  insured  wage-earners  and  their 
families.  Experience  of  the  Metropolitan  Life 
Insurance  Co.  (Industrial  Dept.),  1911-1916  in  the 
United  States  and  Canada.    Svo.    New  York.    1919. 

Duguid  (C). 

The  Stock  Exchange.     3rd  edit.     Svo.     1913. 

Economic  Society  (Royal). 
Journal  of  the,  1918-19. 

Frost  (P.). 

An  Elementary  Treatise  on  Curve  Traciiiir.  I'th  edit. 
Svo.     1918. 


By  whom  presented 
(irhen  not  purchased). 

The  Society. 


The  Institute. 
The  Author. 


The 

Metropolitan  Life 

Insurance  Co. 


Purchased . 


Purchased. 


enquiry   into    its    laws  and 
1914. 


Galton  (Sir  Francis),  F.R.S. 
Hereditary    Genius.       Au 

consequences.     Svo. 
Memories  of  my  Life.     3rd  edit.     Svo.     1909. 
Uecord  of  Family  Faculties.     4to.     1SS4. 

Greenwood  (Dr.  M.),  Jr.,  and  Frances  Wood. 

On  changes  in  the  recorded  mortality  from  Cancer  and 
their  possible  interpretation.     1914. 

The  Relation  between  the  Cancer  and  Diabetes  Death- 
rates.     1914. 

Greenwood  (Dr.  M.),  Jr.,  and  G.  Udny  Yule. 

The  Statistics  of  Anti-typhoid  and  Anti-cholera 
inoculations,  and  the  interpretation  of  such 
Statistics  in  general.     1915. 

*Halsbury  (Rt.  Hon.  Earl  of). 

The  Laws  of  England.  Being  a  complete  Statement  of 
the  Law  of  England.  With  Index  and  Supplement. 
32  vols.     Svo.     1907-1918. 

*Hanson  (A.). 

The  Acts  relating  to  Estate.  Increment  Value  (on  Death), 
Legacy,  Succession,  and  Probate  Duties.  With 
Supplement.     6th  edit.     Svo.     1911-15. 


Purcliased. 


W.  Paiin 
Elderton. 


Purchased. 


Dr.  Greenwood. 


>      Dr.   Qreenw 


ood. 


Purchased. 


Purchased. 
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*Hart  (H.  !.)• 

The  Law  of  Baukii)g,  with  ;ui  Appendix  on  the  Law' 
of  Stock  Exchange  transactions.  3rcl  edit.  8vo. 
1914. 

Hawtrey  (R.  G.). 

Currency  and  Credit. 


Bii  v:hom  presented 
(when  not  ■purchased). 


Purchased. 


8vo.     1919. 
Henderson  (R.),  and  Others. 

Gradnation  of  Mortality  and  other  tables.  8yo.  Xe\y 
York.     1919.  ' 

Hoffman  (Dr.  F.  L.). 

Pauper  Burials  and  tlie  Interment  of  the  Dead  in 
large  cities.     8vo.     Atlantic  City,  X.J.     1919. 

Holland. 

Archief  yoor  de  Verzekerings-Wetenschap.     1918-19. 

Hunter  (A.). 

An  Analysis  of  Claims  for  Total  and  Permanent 
Disability  Benefits.     New  York.     1918. 

Gastric  and  Duodenal  Ulcers.  Mortality  after  opera- 
tion.    Xew  York.     1919. 


•Iiidermaur  and  Thwaites. 

Principles  and  Practice  in  matters  of,  and  appertaining  i 
to.  Conveyancing.  By  C.  Thwaites.  3rd  edit.  .■ 
Svo.     1910.  ) 

Insolera  (F.). 

Sulla  misura  dell'  aumento  di  mortalita  per  effetto  ) 
indiretto  della  guerra.     Kome.     1919.  ) 

Institute  of  Bankers. 

Journal  of  the,  1918-19. 

Insurance  Institute  of  America. 

Proceedings  of  the  Tenth  Conference.     Svo.     1918. 

Insurance  Institute  of  New  South  Wales. 
Transactions,  1918. 

Insurance  Institute  of  Toronto. 
Proceedings,  1918-19. 
Containing,  inter  alia  — 

"Present-day     tendencies     in      Insurance'",      by 
G.  D.  Finlayson. 

"Group  Insurance",  by  \V.  J.   Graham. 

"Methods     of     Valuation     for     Life     Insurance 
Securities",   by  D.  E.  Kilgour. 

Isserlis  (L.). 

The  application   of   Solid   Hypergeonietrical   series    to 

Frequency  Distributions.     1914. 
The  variation  of  the  multiple  (,"orrelation  Coefficient  in 

samples   drawn  from  an  Infinite  Population  with 

normal  Distributions.     1917- 
On  the  value  of  a  man  as  calculated   from  a  sample. 

1918.  ; 


Purchased. 


The  Actuarial 

Society  of 

America. 


The  Author. 
The  Sociefi/. 

The  Author. 

Purchased. 

The  Author. 

The  Institute. 
The  Institute. 
The  Institute. 
The  Institute. 


The  Author. 
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Uy  whom  presented 
(irhen  not  pvrchaserl). 
*Jelf  (A.  E.). 

Where  to  find  your  Law.  Buing  a  discursive  Liblio-  \ 
s^rajihical  essay  upon  the  various  divisions  and  I 
sub-divisions   of    the    Law    of    Entfland    and    tlie   >  I'nrciiased , 

Statutes,  Reports  of  Cases,  and  Text-Books  con-  I 
taining  such  Law.     3rd  edit.     8vo.     1907.  / 

Joffe  (S.  A.). 

Calculation   of    eighteen    more,    fifty  in  all,    Eulerian '>  The  Author 

numbers  from  Central  Differences  of  zero.     1919.  ) 

King  Edward's  Hospital  Fund  for  Loudon. 

Report  of  a  Sub-Committee  of  the   Executive  Com-  ") 

mittee  on  Pensions  for  Hospital  Officers  and  Staffs,  r  W.  J.H.  Wh  ill  all. 
Fol.     1919.  3 

laughlin  (Dr.  J.  L.). 

Credit  of  the  Nations.     A  studv  of  tlie  European  War.  ■)  T>       ]       d 

8vo.     1919.  "'  )  "'  '■ 

Life  Offices'  Association. 

Minutes,    etc.,    of     the     Meetings     of     the    Standing")      llie  Assocuifion. 
Committee,  1918-19.  i 

London  Mathematical  Society.  The  Sociel;i. 

Proceedings,   1918-19. 

Marshall  (A.). 

Industry  and  Trade.     8vo.     1919.  Tttrrhas.il. 

Moir  (H.),  and  Others. 

c                    J  /-.I          i.     •  i.-          c  ii          •      •      1   nr     i.  i-i.    ")  The  Actuarial 

Sources  and  Chai-actenstics  or  tlie  principal  Mortality  /  k        f    nf 

Tables.     8vo.     New  York.     1919.                               \  cocierv  oj 

)  America. 

National  Health  Insurance. 

Rei)orts     of      Medical      Research     Committee.      8vo. )  -n       i       j 

1918-19.  > 

Parliamentary  Papers. 

Acts  of  Parliament.     Income  Tax,  1918.  TKrcka-ied. 

Assurance    Comnanies.       Returns     to    the     Roard    of  ^  The  Board 

Trade,     1918.  J  of  Trade. 

Colonies. 
Canada. 

Report  of  the  Superintendent  of  [nsnrance  for  \ 

the  year  1917.  (       The  Gorernme^it 

Insurance  Companies.    Abstract  of  Statements  (f      In.iurance  Dept. 
for  the  year  1918.  ) 

New  South  Wales. 

Friendly  Societies,  &c.   Report  of  tlio  I'egistrai- 

for  1918. 

Official  Year  Book,  1918.  The  Coremment 

Statistical  Register  for  1917-18  and  previous   ,  ofN.S.W. 

years. 
X'ital  Statistics.    Report  for  1918  and  previous 
years. 
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Parliamentary  Papers — con  I  in  u ed. 
Colonies — contimted. 
New  Zealand. 

Government Insiirant-e  Department.    Triennial 

Investigation,  1917. 
Annual  Report,  1917. 
Accident  Branch.     Report,  1917. 
Census.     1916.     Parts     II     and     IV.       Fol. 
Wellington.     1919. 

Victoria. 

Friendly  Societies.      Fortieth  Annual  Report 

of  the  Government  Statist,  1917. 
Twenty-eighth      Annual      Report      of      the 
Registrar,  1917. 
Western  Australia. 

Friendly   Societies.     Report   of    Proceedings 
hy    the    Registrar    for    the    year    ended 
30  June  1918. 
Statistical  Register,  1917-18. 
Currency  and  Foreign  Exchanges. 

First  Interim  Report  of  Committee  on  Currency 
and  Foreign  Exchanges  after  the  War.     1918. 

Registrar-General.     England. 

Eightieth  Annual  Report  of  Births,  Deaths,  and 
Marriages,  1917. 

Supplement  to  the  7oth  Annual  Report  of  Births, 
Deaths,  and  .Marriages.  Part  III.  Registra- 
tion Summary  Tables  (1901-1910),  Fol.  1919. 

ludia. 

Life  Assurance  Companies.  Returns  of  Companies 
doing  business  in  British  India,  1917.  Fol. 
Simla.     1918. 


By  u-hmn  presented 
(icftew  not  jvirchased). 


The  Government 
r  of  N.Z. 


'  The  Government 

C  of  J'ictoria. 

'  27ie  Government 

t  of  TV. A. 


Purchased. 


The  Registrar- 
General. 


H.  G.IV.  TSIfikle. 


Periodicals. 

Accountants'  Magazine. 

American  Bankers'  Magaznie. 

American  Economic  Review. 

Bankers'  Magazine. 

Commercial    and    Financial    Chronicle.      1895-1913. 

38  vols.     Fol.     Xew  York. 
Economist. 
•Insurance  Record. 

.Journal  of  Political  Economy.     (Chicago). 
Post  Magazine. 
Post  Magazine  Almanaclc. 

The  Secretary. 


*Ringwood  (R.). 

The  Principles  of  the  Law  of  Bankruptcy.     Embodying  } 
the  Bankruptcy  Act,  1914.     12th  edit.    8vo.    1915.  jf 


Royal  Astronomical  Society. 

Memoirs  of  the.     Vol.  LXIII.  Part  II!. 


Ito.     1918. 


Pin-chased. 

The  Editor. 
Purchased. 

O.  T.  FalJc. 

Purchased. 

The  Editor. 


Institute  of 
Secretaries. 


Purchased. 


The  Socielt/. 


Statistical  Society  (Royal). 
.Journal  of  tlie,  1918-19. 


T}ie  Society. 
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lit)  v:hom  presented 
(i'-lien  not 'ptiTchased). 
Sweden. 

Enskilda    Forsakriiigsaustalter    ar    1917,    av     Kuiicjl.  )  The  Swedish 

Forsakriiigsiiispektionen.  )  Government. 

"  Tliule "    Lifforsiikrings- aktiebolagret.       Fyrtio     ars 

vei'ksamliet,    1873—1912.     Also  Souvenir  Volume.)  ~,     ^ 

4to.     Stockholm.     1917-18.  ^-  The  Company. 

Switzerland. 

Rapport   du    Briieau    Federal   des   Assurances  sur  les  ^  Tl     \  •' 

Entreprises    privees  en    matiere  d' Assurances  en  >  „  '        , 

c    •  tc\^a  \  Goreriniieiit. 

Suisse.     191o.  J 

Teachers'  Insurance  and   Annuity  Association  of  America. 

Handbook  of  Life  Insurance  and  Annuity  Policies  for  "I   ,,,    ^   „  _.7  i^    n 
Teachers.     Sm.  8vo.     Jsewiork.     1918.  J 

*UnderMU  (A.). 

The    Law  relating  to  Trusts  and   Trustees.     7th   edit. "/  tj       7        7 

8vo.     1912.  )  Purchased. 

United  States  of  America. 
Official  Puhlicatious. 

Connecticut.  j 

Fifty-fourtli  Annual  Report  of  the  Insurance  1-  The  Commissioner. 
Commissioner,  1919.  J 

Massachusetts. 

Sixty-third  Annual   Report  of  the   Insurance  "| 

Commissioner  (Life  and  Miscellaneous),  V  TheCommissio;>er. 
1917.  J 

Wisconsin.  "^ 

Report  of  tiie  Special  Committee   on    Soc'inlV  Dr.  F.L.Hoffman . 
Insurance.     Madison,  Wis.     1919.  ) 

Vega  (G.  r.  von). 

Logarithmisch-trigonometriscbe  Tafeln.    8vo.    Leipzitr. )   ,,      t-  -r-  r--    7 
'^  ^r,^  A  ■  Mrs.E.F.Kimher. 

1914.  S 

♦Walker  (Hon.  W.  G.)  and  E.  J.  Elgood. 

A  Couipendium  of  the  Law  relating  to  Executors  and  "il  v  ■•  f,       /i 

Administrators.     4th  edit.     Svo.     1905.  3 

*Wliarton  (— ). 

Law    Lexicon.     Forming    an  epitome  of  the  Laws  of 

Enirland  \mder  Statute  and  Case  Law.     By  E.  A.  \  Purchased. 

Wurtzburg.     12th  edit.     Svo.     1916. 

"Williams  (Caroline  E.) 

A  Welsh  Family.     Svo.     1893.  [  ^'^'t^'i^'  ^' 

•^  )  ly  II hams. 

*  Williams  (Joshua). 

Principles  of  the  Law  of  Real   Property.     22nd  edit.  |  p    .  7,    .   7 

vo.     1914.  ) 

Withers  (Hartley). 

War-time  financial  problems.     Svo.     1919.  Purchased. 
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By  whom,  presented 
(vihen  i>nt  pxtrchased). 

Ytde  (G.  Udny). 

An  introduction  to  the 'I'lieory  of  Statistics.     5th  edit.)  Pu--hased 

*   For  Reference  only. 


Additional  copies  of  works  already  in  the  Library  : 

Farr  (Dr.  W.). 

Vital  Statistics.     8vo.     1885.  ]■  '^^"^-^S" 

Hammond  (H.  P.). 

Life    Insurance   in   Gronv)S,   1912-17.     St.  Paul,  Miu. ")  m      a   ^i„ 

_    _  ^  ^  LneAutnor. 

Karup  (J.). 

Reform    des    Rechnungswesens   der   Gothaer   Lebcns- 1  Mrs.  Vfivyan 

versicherungsbank.     La.  8vo.     Jena.     1903.  )  Marr. 

Todhunter  (I.). 

A   History  of  the   Mathematical  Theory  of  Probability.')        2Irs.  Tyvyan 
8vo.     1865.  i  Marr. 


THE     INSTITUTE    OF    ACTUAEIES. 


ENCOURAGEMENT    OF    ACTUARIAL     RESEARCH. 

The  Council  of  the  Institute  has  resolved  that  prizes  may  in 
future  be  given  out  of  the  Prize  Funds  for  any  work  of  excep- 
'tional  merit.  To  help  those  who  may  wish  to  undertake  original 
work,  the  appended  list  of  subjects  requiring  investigation  has 
been  prepared. 

Papers  submitted  should  be  concise  ;  many  of  the  subjects 
indicated  are  capable  of  sub-division  and  a  part  only  of  any 
one  chosen  may  be  discussed. 

Prizes  may  also  be  given  for  original  work  on  other  subjects. 
To  prevent  a  number  of  persons  working  at  the  same  subject, 
or  perhaps  in  suitable  circumstances  to  arrange  for  co-operation, 
it  would  be  well  for  those  who  contemplate  undertaking  work 
on  the  subjects  indicated  to  commimicate  privately  \^dth  one 
of  the  Honors rv  Secretaries. 
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List  of  Subjects. 
Mathematical. 

Rigid  proof  of  circumstances  in  which  the  method  of  J.I. A., 
vol.  xliv,  pp.  293,  &c.,  holds. 

Eelative  accuracy  of  various  two-variables  interpolation  methods. 

Mortality  and  Other  Tables. 

How  is  selection  modified  by  the  withdrawal  of  healthy  lives 
and  other  influences  ? 

A  discussion  of  the  various  aggregate  tables  that  can  be  evolved 
by  various  aggregations  of  select  rates  of  mortality  and  the  uses 
to  which  such  work  could  be  put. 

The  effect  of  catastrophes  on  mortality,  sickness,  &c.,  and  their 
treatment  in  constructing  mortality  and  other  tables  [e.g.,  War, 
Plague  in  India,  &c.). 

Sickness  and  mortality  rates  according  to  disease. 

Social. 
The  effect  of  occupation  on  mortality,  sickness,  birth  rate,  &c. 

Studies  in  population  density,  eini,gration,  kc,  in  various 
countries. 

Fertility  in  relation  to  occupation,  locality,  duration  of  marriage, 
ages  at  marriage,  &c. 

Infantile  mortality  in  relation  to  birth  rate,  housing,  wages, 
order  of  birth,  &c. 

Effect  of  heredity  on  mortality  and  disease. 

Wages  and  cost  of  living  compared  with  size  of  family,  &c. 

Taxable  capacity  of  a  country  and  its  connection  with  social" 
schemes  and  present  liabilities. 

Insurance  Valuations,  Practice,  &c. 

If  selection  be  exaggerated  by  a  table  of  mortality,  what  errors 
will  be  introduced  into  the  premiums  charged  or  into  a  valuation, 
(«)  by  the  select,  (6)  by  the  full  aggregate  table  ? 

An  assurance  company  charges  premiums  to  give  a  certain  form 
of  bonus  and  its  experience  is  exactly  as  anticipated.  What  surpluses 
would  be  revealed  by  valuations  assuming  various  mortality  tables 
based  on  that  assumed  in  the  premiums  [e.g.,  full  aggregate  table, 
ultimate  table,  full  aggregate  made  up  from  the  select  table  in 
different  proportions)  ? 

General  basis  of  non-profit  rates  in  view  of  growing  expenditure, 
tax,  &c. 

Statistics  and  treatment  of  under-average  lives. 
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The  efiect  ou  surpluses  of  continuous  fall  (or  rise)  in  interest  or 
of  gradual  changes  in  expenses,  or  jnortality  or  other  factors. 

The  effect  on  successive  surpluses  of  a  life  assurance  or  other 
fund  of  unduly  stringent  valuations. 

Pension  Funds. 

A  discussion  of  cases  in  Avhich  mortality  may  be  heavy,  then 
decrease  and  become  noriual,  and  its  efiect  on  pension  funds,  &c. 

The  effect  of  changes  in  salary  scale  on  liabilities  of  pension 
funds. 

The  dangers  of  using  aggregate  tables  based  on  past  experience 
for  valuing  pension  funds,  &c.  {i.e.,  aggregate  tables  of  rates  of 
lapse,  retirement,  mortality,  &c.). 

Size  of  family  and  ages  of  children,  kc,  in  relation  to  orphans' 
pensions. 

The  application  of  various  money-purchase  systems  to  the 
provision  of  pension  funds. 

Tabulation. 

What  is  the  best  system  of  tabulating  functions  ? 

The  tables  based  on  British  Offices  mortality  experience  omit 
many  useful  rates  of  interest  and  helpful  functions.  Are  individual 
ages  necessarily  the  best  division  ?  Special  points  arise  in  connec- 
tion with  varying  insurances  and  benefits  dependent  upon  a  number 
of  lives  {e.().,  last  survivor  annuities  for  equal  ages).  The  object  is 
to  ascertain  the  most  useful  tables  within  certain  defined  limits. 

Financial. 

Statistical  studies  on  the  relationship  between  changes  in  currency 
conditions  and  the  rate  of  interest. 

Statistical  studies  of  the  changes  in  the  relations  between  prices 
of  securities  of  different  types  and  in  difi'erent  markets. 

Graduation. 

The  tests  of  a  good  graduation.  Can  a  mathematical  test  be 
given  to  show  that  a  suggested  graduation  is  so  far  from  the  facts 
as  to  be  "  impossible  "  I 

Studies  in  graduation  by  new  methods  or  variations  of  old 
methods — specially  as  regards  select  mortality,  sickness,  kc. 

Examples  of  types  of  material  vdiich  particular  graduation 
methods  fail  to  meet. 

The  relative  merits  either  from  a  practical  or  theoretical  stand- 
point of  various  systems  of  frequency  curves. 

General. 
New  approximate  methods  of  valuation,  calculation,  &c. 
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LECTURES  ON   FINANCE. 

The  following  is  the  Syllabus  of  the  Lectures  to  be  delivered 
by  Prof.  Foxwell  at  Staple  Inn  Hall  during  the  current  session  : 

Markets,  Speculation  and  the  Function  of  the  Dealer  :  an 
omitted  chapter  in  the  text-books  of  economics.  Nature  and 
definition  of  a  Market. 

Conditions  of  the  efficiency  of  a  great  speculative  market. 
Standardisation.    Warrants.    Dealing  in  Futures. 

Nature  and  general  economic  utility  of  speculative  dealing  : 
how  distinguished  from  gambling.  Abuses  of  speculation.  Publicity 
as  a  remedy. 

Recent  attacks  on  the  speculative  markets.  The  German  Bourse 
Law  of  1896.    Legislation  against  Time  dealings. 

The  Stock  Exchange  the  greatest  of  all  markets  :  except  that 
the  machinery  of  standardisation,  not  required,  is  absent.  An 
essential  part  of  the  banking  system  and  money  market.  Constitution 
of  the  London  Market.    Provincial  exchanges. 

Methods  of  Dealing  :  the  Jobber  and  the  Broker  :  difliculties  in 
regard  to  the  demarcation  of  their  functions.  Publicity  :  marking 
transactions.  Fortnightly  Settlement.  Financing  by  contango  on 
the  market  and  by  Banks  outside.  Moneybrokers.  Floaters.  The 
outside  broker.  Comparisons  throughout  with  Paris  Bourse  and 
Wall  Street. 

Seciu'ities  and  their  Manufacture.  The  Issue  Houses.  The 
Company  Promoter.  Trust  Companies.  The  Provincial  Stockbroker. 
Recent  intervention  of  Clearing  Banks.  Promotion  in  other  countries. 
Underwritin<f  and  the  machinery  of  issue.  Cost  of  Issue.  Firm 
holding,  and  its  effect  on  values.  Giving  a  quotation.  Dealings 
before  allotment. 

Classification  of  Securities.  Bonds  and  Industrials.  Trustee 
Securities  v.  Speculative  Counters.  Debentures  and  Preferred 
Stocks,  &c.  Bearer  Bonds  v.  Registered.  Terminable  '•.  Non- 
Terminable  Loans.  Saleability  on  Foreign  ^larkets.  Accrued 
Interest.   New  York  parity,  &c. 

General  causes  that  determine  the  rise  and  fall  in  the  values  of 
Securities.  Habits  of  Saving  and  Consumjjtion.  Field  of  Employ- 
ment. Effect  of  movements  in  the  general  level  of  prices.  Effects 
of  Money  Market  and  foreign  exchange  conditions. 

Other  considerations  relating  to  the  problems  of  investment. 
Eft'ect  of  Cyclic  Variations.  Effect  of  War  conditions.  Effect  of 
Market  movements.  Relative  stability  of  securities.  "  Floaters  " 
sensitive.    Policy  of  "  Nursing  "  loans. 
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Theoretical  presumptions  less  valuable  thau  they  used  to  be  : 
usually  over-discounted.  Intrinsic  r.  Market  values.  The  Market 
in  some  respects  less  efficient  tlian  it  was  :  probable  reasons.  Is 
Government  control  as  exercised  in  some  foreign  countries  desirable 
here  I  The  market  has  shown  itself  at  least  as  patriotic  and  well- 
informed  as  the  Government.  Publicity  the  simplest  and  most 
effective  form  of  control. 


Books. — The  most  essential  are  starved.    Others  ivill  he  referred  to  in 
the  course  of  the  Lectures. 

*Prof.   H.   C.   Emery. — "  Speculation  on  the  vStock  and  Produce 
Exchanges  of  the  U.S."    Xev:  York.    (1896). 

Andre  E.  Sayous. — "  Etude  economicpie  et  juridique  sur  les 
Bourses  AUemandes  de  Yaleurs  et  de  Commerce."  Paris  and 
Berlin.    (1898). 

Prof.  H.  C.  Emery. — "  Futures  in  the  Grain  Market."  Economic 
Journal.    (March,  1899). 

Prof.  H.  C.  Emery. — "  Ten  years'  Regulation  of  the  Stock  Exchange 
in  Germany."    Yale  Review.    (May,  1908). 

*Charles  Duguid. — "  The  Stock  Exchange."    Methuen. 

Hartley  Withers. — "  Stocks  and  Shares."  Smith,  Elder.   (1910). 

Charles  Duguid. — "  How  to  read  the  Money  Article."  Effingham 
Wilson. 

W.  C.  Van  Antwerp. — "  New  York  :  the  Stock  Exchange  from 
Within."    Effingham  Wilson.    (1913). 

*JosEPH   Burn. — "  Stock   Exchange   Investments."      Institute   of 
Actuaries.   (1909). 

E.  S.  Meade. — "  Trust  Finance."   New  York.   Appleton. 

W.  J.  Greenwood. — "  Foreign  Stock  Exchange  Practice  and 
Company  Laws."   36,  Camoinile  Street,  E.C.3.   (1911). 


Geoffrey  Yates   Heald,  Probationer  of  the  Institute,  Captain, 
loth  Battalion,  Lancashire  Fusiliers. 

Killed  in  Action  1  Juhj  1916. 
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THE  NATIONALITY  OF  TETENS. 

We  regret  that,  owing  to  an  oversight,  for  which 
Dr.  iSteffensen  was  in  no  way  responsible,  the  birthplace  of 
Tetens  was  stated  on  p.  809  to  be  Kiel.  From  the  late 
Mr.  Frederick  Hendriks's  article  in  J.I. A.,  vol.  i,  p.  14,  it 
appears  that  he  was  born  at  Tetensbiill,  Eiderstadt,  in  the 
Duchy  of  Schleswig. — Eds. 


EREATUM. 
J.I.A.,  vol.  li,  p.  134,  line  30,  i+d  should  be  '^-^ , 
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INDEX    TO    LEGAL    NOTES 

included  in  Vol.  Li  of  the  Journal. 


PAOE 

AGENT.— 

His  knowledge  of  material  facts  not  given  in  proposal  4i) 

ANNUITY.— 

Payable  free  of  deductions,  does  not  avoid  deduction  of  Tnconie  Tax     138 

BANKRUPTCY.— 

Conflict  of  claims  to  policy  on  life  of  bankrupt  concealed  from  Trustee     348 

CHOSE  IN  ACTION.— 

Voluntary  assignment  of    ...  ...  ...  ...  ...  ...  ••-     347 

COURTS  (EMERGENCY  POWERS;   ACT.— 

Rights  of  mortgagees  under         ...         ...         ...         ...         ...         ...       4G 

ENDOWMENT  POLICY.— 

When  a  policy  of  life  assurance  is  ...  ...  ...  ...  ...     136 

FUNERAL  EXPENSES.— 

Policy  issued  to  cover  ;    conflict  of  claim  ...  ...  ...  51,  270 

INCOME   TAX.— 

Annuity  payable  free  of  deductions  does  not  avoid  deduction  of  ...  J 38 

A2opointment  of  Royal  Commission  on    . . .  ...  ...  ...  ...  273 

Company  subject  to  British  and  Colonial  ...  ...  ...  ...  272 

Profits  or  gains  on  Treasury  Bills  subject  to      ...  ...  ...  ...  352 

MORTGAGE.— 

Rights  of  Mortgagees  under  Courts  (Emergency  Powers)  Act  ...       4G 

For  unlimited  amount,  Stamp  Duty  on   ...         ...  ...  ...         ...       50 

PREFERENCE   SHARES.— 

What  is  proper  deduction  of  Income  Tax  from  i)ividend         ...         ...     272 

PROPOSAL.— 

Ambiguous  answers  to  rpiestions  in         .  .  ...  ...  .  .  ...     140 

STAMP  DUTY.— 

On  mortgage  for  unlimited  amount         ...  ...         ...  ...         ...       .50 

SUPER-TAX.— 

Relief  from,  in  respect  of  life  premiums    .  ...  ...  ...     135 

VOLUNTARY   ASSIGNMENT.— 

Of  chose  in  action  ...         ...         ...         ...         ...         ...         ...     347 
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TABLE    OF    CASES    REVIEWED 

m  the  Legal  Notes  included  in  Volume  LI  of  the  Journal. 


(For  facility  of  reference  the  cases  arc  given  iiiider  the  name  of  each  party.) 

PACE 

AYR E Y  r.  British  Legal,  &c.,  Assurance  Company...         ...         ...         ...  45 

BRITISH  Legal,  &c.,  Assurance  Company,  .\yrey  r 45 

BROWN  V.  National  Provident  Institution...          ?.5i' 

CO^IMISSIONERS  of  Inland  Revenue,  Earl  Howe  r 135 

DA  COSTA  r.  Prudential  Assurance  Company,  Ltd.          51 

EARL  HOWE  ?;.  Commissioners  of  Inland  Revenue          ...         ...         ...  135 

IIATLEY  r.  Liverpool  Victoria  Friendly  Society      270 

JOBSON,  Z?i  ?-e 46 

LIVERPOOL  Victoria  Friendly  .Society,  Hatley  r 270 

LOVELES.S,  In  re         138 

MELLISH,  exixirte;   Stokes,  i?i  j-c    ...         ...         ...         ...         ...         ...  348 

NATIONAL  Provident  Institution  r.  Brown           352 

NATIONAL  .Standard  Life  Assurance  Corporation,  In  re            130 

OGSTON  ».  Provident  Mutual  Life  Assurance  Association           352 

PROVIDENT  Mutual  Life  Assurance  Association  v.  Ogston       352 

PRUDENTIAL  Assurance  Company,  Ltd.,  Da  Costa  r 51 

PUBLIC  Trustee  r.  Gray  ;    Westerton,  Zd  re           347 

ROVER  r.  South  African  Breweries,  Ltd i'72 

SOUTH  African  Breweries,  Ltd.,  Rover  r 272 

STOKES,  Inre;    Mellish  ex  pa j-ie 348 

WESTERTON,  Ih  re  ;   Public  Tmstee  r.  Gray       347 

YORKE  i:  Yorkshire  Insurance  Company,  Ltd.     ...         ...         ...         ...  140 

YORKSHIRE  Insurance  Company,  Ltd.,  Yorke  r.             110 
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A. 

AtTL'AKIAL   ^,'OTES  : 

A  compreheusive   table   for  thu 
calculation  of  Yields  (gross  and 
net)  on  Redeemable  Securities. 
J.  R.  Armstrong,  144. 
Claim   Acceleration    Reserve  for 
Endowment  Assurances.    G.  J. 
Lidstone,  297. 
Graphic  method  of  obtaining  the 
Yield  on  a  Redeemable  Secur- 
ity.   0.  F.  Diver,  356. 
The  valuation  of  Victory  Bonds 
held  to  pay  Estate  Duty,  362. 
Actuarial    Research,    Notice    as    to, 

\\ith  list  of  subjects,  407,  408. 
Actuarial    Society    of    America    and 
Association     of     Life      Assurance 
Medical  Directors.     Report  of  the 
Joint     Committee     on     Standard 
Mortality  Ratios  incident  to  varia- 
tions in  Height  and  Weight  anion tr 
Men.    Review,  300. 
"  Actuarial  Studies  :    Xo.  1,  Sources 
and  Characteristics  of  the  principal 
Mortalitj-  Tables.     No.  4,  Gradua- 
tion of  Mortality  and  other  Tables." 
Review.  367. 
Alexander  (.J.  W.  E.).    Obituary,  311. 
American-Canadian    Mortality  Inves- 
tigation,   1900-1915.      A.  "Hunter, 
259,  337. 
Annuity  Reserves  and  Rates  in  the 

United  States,  53. 
Annuity- Values  on  Makeham's  Hjpo- 
thesis.     F.  Insolera,  62. 

—  Editorial  Note.  64. 

Annuities.     O'^''  Table  at  5  jjer-ceut. 

C.  K.  Granger,  150. 
Approximation,  On  certain  inequali- 
ties  and  methods   of.      Dr.   J.   F. 
Steffensen,  274. 
Armstrong  (J.  R.).    A  comprehensive 
table  for  the  calculation  of  Yields 
(gross    and    net)    on    Redeemable 
Securities,  144. 
Ascott  (G.  F.  T.).     Obituary,  312. 
Ashley  (C.  H.).  Decreasing  debts  on 
Endowment  Assurances,  126. 


Askham  (W.).    Obituary,  76. 
Askwith  (T.  N.).    Obituary,  76. 
Austin  (H.  H.).     Remarks  on  Group 

Insurance,  334. 
Austin  (V.  J.).    Obituary,  311. 

B. 

Bradley  (W.).     Obituary,  311. 
Bristow  (F.  L.).   Obituary-,  311. 
Brown  (H.  W.).    Obituary,  311. 
Burn    (J.).        Letter    on    Industrial 
[Mortality  in  1915-17,  69. 

C. 

"  Calcul  dans  les   Jeux   de   Hasard. 

Extrait  des  CEuvres  Completes  de 

Christiaan  Huygens. "  Review,  58. 
Carter  (G.  L.  L.).     Obituary,  184. 
Claim      Acceleration      Reserve      for 

Endo\vment    Assurances.       G.     J. 

Lidstone,  297. 
Clarke  (E.  C.  K.),  M.C.   Obituary,  184. 
Cole  (R.).    Obituary,  311. 

CORKESPOXDEXCE  : 

An  Jiuity- values  on  Makeham's 
Hypothesis.    F.  Insolera,  62. 

ISIortality  among  neutrals  in 
War-time.   D.  S.  Savory,  65. 

Industrial  Mortality  in  1915-17. 
.1.  Burn,  69. 

The  relation  between  the  Rates 
of  Mortality,  or  Decrement, 
from  particiilar  causes,  and  the 
Rates  from  all  causes,  with 
some  remarks  upon  the  preva- 
lent misuse  of  the  term 
"  Rat«."    A.  T.  Traversi,  304. 

The  Nationality  of  Tetens.     Dr. 
J.  F.  Steffensen.  308. 
Cunliffe  (T.  G.).    Obituary,  311. 

D. 

Defries  (F.).     Obituary,  312. 

Diver  (0.  F.).  Graphic  Method  of 
obtaining  the  Yield  on  a  Redeem- 
able Securit}-,  356. 

Doucet  (G.  D.).    Obituary,  76. 

Dove  (E.  M.),  M.C.    Obituary,  183 
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Elderton    (W.    P.).       Investments   a 

hundred  j-ears  ago,  32. 
Reviews  :  "  The  Mathematical 

Theory  of   Population,  &c.,  &c.", 

56. 

"  Pensions       for       Hospital 


Officers  and  Staffs,"  364. 
Endowment  Assurances.     Decreasing 
debts  on.    C.  H.  Ashley,  126. 

Claim    Acceleration    Reserve 

for.    G.  J.  Lidstone,  297. 

Erratum.         "  The     Nationality     of 

Tetens,"  412. 
Examinations.     Revised  Regulations 

and  Syllabus,  72. 

Course  of  reading,  178. 


F. 

Foxwell  (Prof.   H.   S.).      Syllabus  of 

Lectures  on  Finance,  410. 
Eraser  (D.  C).     Newton's  Interpola- 
rmulas,  77,  211. 


tion  Eon 


G. 


Gale  (R.  G.).    Obituary,  311. 

General  P^xpansion  Formula.  G.  J. 
Lidstone,  38. 

Gifkins  (G.  F.).    Obituary,  312. 

Goodyear  (F.  G.),  M.C.  Obituary.  183. 

"  Graduation  of  MortaUty  and  other 
Tables."    Review,  367. 

Granger  (C.  K.).  Letter  communi- 
cating Ot^J  5  per-cent  Annuitv 
Tables,  150. 

Gregory  (A.  S.).    Obituary,  184. 

Grigg  (M.  H.).    Obituary',  311. 

Group  Insurance.  P.  H.  McC'ormack, 
313. 


H. 


Hammond  (H.  J.).    Obituarv,  76. 

Harriss  (A.  R.).   Obituary,  312. 

Heald  (G.  Y.).   Obituary,  411. 

Henr\"  (A.).  On  a  method  of  Approxi- 
mate Valuation,  118. 

Hunter  (A).  The  American-Canadian 
Mortality  Investigation,  1900-1915, 
259   337. 

Hurley  (J.  C).    Obituary,  311. 


I. 


Bisolera  (F.).  Letter  on  Annuity- 
values  on  Makeham's  Hypothesis, 
62. 


IxsTixuTi;  UK  Actuaries  : 

Actuarial  Research,  Notice  as  to, 

and  list  of  Subjects,  407,  408. 
Additions   to   the    Library",    169, 

400. 
Address  to   H.M.   The  King  on 

the  signing  of  the  Armistice, 

309. 
Examinations.  Course  of  Reading, 

178. 

Names  of  successful  candi- 
dates, June  1919,  394. 

Papers  set,  June  1919,  370. 
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The  Reversionary  {or  Prospective)  and  Collective  Methods  of 
Valuing  Widows'  Funds,  with  some  Notes  on  the  Valuation 
of  the  Church  of  Ireland  Widows'  and  Orphans'  Fund. 
By  Charles  E.  Howell,  M.A.,  LL.D.,  Secretary  at  the 
Dublin  Office  of  the  Standard  Life  Assurance  Compatiy. 

[Read  before  tlie  Institute,  24  November  1919.] 

Introductory. 

iliVERY  Church  of  Ireland  clergyman  whose  stipend  is  payable 
through  the  Representative  Church  Body  (the  body  in  whom 
the  funds  of  the  Church  were  vested  at  its  dis-establishment) 
must  become,  and  is  designated,  a  compulsory  member  of  its 
Widows'  and  Orphans'  Fund,  which  was  founded  in  1876.  If  the 
member  be  unmarried  and  not  more  than  35  years  of  age  at 
date  of  entry  he  is  charged  the  normal  subscription  of  £6  per 
annum,  payable  quarterly  ;  while,  if  he  be  married  or  aged 
more  than  35  years  at  date  of  entry,  he  must  pay  such 
subscription  as  the  Board  of  the  Fund,  by  the  ad  nee  of  its 
actuary,  may  determine. 

But  in  any  case  where  the  quoted  subscription  exceeds  £6, 
the  member  may  elect  to  pay  the  smaller  contribution,  becoming, 
if  he  so  elects,  a  "  partial  "  contributor,  whose  widow  and  orphans 
are  entitled  to  receive  annuities  reduced  in  such  proportion  to 
the  full  annuities  as  £6  bears  to  the  quoted  contribution. 
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Clergymen  whose  stipends  are  not  payable  by  the  Repre- 
sentative Body  are  allowed  to  join  as  voluntary  contributors 
on  such  terms  as  the  Board  may  require,  and  members  entering 
the  service  of  the  Church  of  England,  or  going  abroad  as 
missionaries,  are  transferred  to  the  voluntary  class. 

Members  joining  the  voluntary  class,  and  compulsory 
members  married  or  aged  over  35  years  at  entry,  must  submit 
to  medical  examination. 

There  are  no  entrance  fees,  marriage  taxes  or  disparity 
fines. 

The  benefits  are  : 

(a)  A  widows'  annuity,  terminating  on  re-marriage  ; 
(6)  An  annuity  to  each  orphan,  ceasing  at  age  21,  or, 
in  the  case  of  a  girl,  at  earlier  marriage.  If  there  be 
no  widow  alive  at  the  death  of  the  member,  each 
orphan's  annuity  falls  to  be  increased  by  one-fifth  of 
the  amount  which  would  have  been  payable  if  there 
had  been  one,  not  more  than  five  children,  of  course, 
participating  in  this  increase  at  any  one  time. 
The  progress  of  the  Fimd  may  be  shown  as  follows  : 


Date 

Number  of 

Number  of 

Widow's 

Number  of 

Orphan's 

Members 

Widows 

Annuity 

Orphans 

Annuity* 

£ 

£ 

31  December  1877  ... 

24 

... 

1886  ... 

240 

3 

33 

"k 

5 

1891  ... 

427 

6 

33 

18 

5 

1896-... 

600 

9 

33 

21 

5 

1901   ... 

754 

20 

38 

45 

5 

1906  ... 

906 

30 

38 

50 

5 

1911   ... 

1,111 

47 

40 

46 

5 

30  September  1916  ... 

1,216 

72 

45 

49 

5 

*  Subject  to  increase  as  stated. 

Of  the  1,216  members  of  the  Fund  in  1916,  there  were  191  in 
the  voluntary  class. 

Eight  valuations  of  the  Fund  have  been  made,  the  first  in 
1881,  the  last  in  1916.  I  have  been  responsible  for  the  last 
three. 

In  addition  to  a  valuation  by  its  ovm.  actuary,  the  Board 
has  on  occasions  requisitioned  outside  advice,  and  thus  it  comes 
that  the  late  Mr.  Meikle  reported  on  some  of  the  earlier  investi- 
gations, and  that  Mr.  George  King  has  reported  on  the  1901, 
1906  and  1911  valuations. 

I  cannot  say  what  the  origin  of  this  somewhat  unusual 
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practice  was  ;  but,  as  to  its  continuance,  the  Board  may  have 
wished  to  support  itself  by  outstanding  authority  when  it  found 
that,  in  consequence  of  the  normal  increase  of  the  Fund,  it  was 
subjected  in  the  General  Synod,  the  Parliament  of  the  Church, 
and  in  the  clerical  press  to  hostile  and  ignorant  criticism. 

The  consequence  of  this  practice  is  that  I  have  had  the 
privilege  of  having  been  associated  with  Mr.  King  in  important 
work,  and  all  the  processes  employed  by  me  in  my  valuations, 
and  to  be  described  hereafter,  have  been  approved  by  him. 

It  is  perhaps  due  to  Mr.  King  that  I  should  state  here  that 
this  paper  has  been  prepared  without  any  reference  to  him,  and 
that  I  am  solely  responsible  for  any  opinions  expressed  or  com- 
ments made. 

Valuation  by  Reveesionary  (or  Prospective)  Method. 

A  Widows'  Fund  may  be  valued  by  the  reversionary  annuity 
method  or  by  what  is  indifierently  known  as  the  collective  or 
varying  assurance  method. 

The  procedure  to  be  followed  under  the  former  plan  may 
perhaps  best  be  illustrated  by  reciting  the  benefits  to  be  valued 
when  it  is  adopted,  and  by  indicating  formulas,  suitably  modified 
to  meet  in  small  matters  of  detail  the  circumstances  of  each 
particular  fund,  which  may  with  substantial  accuracy  be  employed 
in  their  valuation. 

Apart  from  annuities  to  existing  widows,  w^hich  if  we  ignore, 
as  is  usually  done,  the  contingency  of  re-marriage  of  the  annui- 
tants, present  no  difficulties,  the  following  benefits  have  to  be 
valued  : 

Benefit  (i). — Annuities  to  existing  wives  who  may  be  left 
widows.     Valuation  formula  : 

('y  —  ('xy 

where  y  is  the  nearest  age  of  the  wife,  and  x  the  nearest  age 
of  the  husband  at  date  of  valuation. 

Benefit  (ii). — Annuities  to  widows  left  b}'  first  marriages  of 
present  bachelors.     Valuation  formula  : 

where  ibm)x+n  denotes  the  number  of  bachelors  out  of  {hl)^ 
alive  at  age  x  who  mfirry  in  the  year  of  age  x-itn  to  x  +  n-{-l. 
s  denotes  the  average  age  at  date  of  marriage  of  the  wives  of 
bachelors  who  marry   in  the  year  of   age   x  +  n  toa;-|-w  +  l. 

B  2 
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The  assumption  is  made  that  marriage  takes  place  on  the 
average  in  the  middle  of  the  jeKv. 

Benefit  (iii). — Annuities  to  widows  left  by  next  marriages 
of  widowers.     Valuation  formula  : 

where  (u'??i)a.+«  denotes  the  number  out  of  (w/)^.  widowers  alive 
at  age  a;  who  re-marry  in  the  year  x  +  n  to  x  +  n  +  l  on  the 
average  in  the  middle  of  it.  r  denotes  the  average  age  at  date 
of  marriage  of  the  wives  of  widowers  re-marrying  in  j^ear  of 
age  x  +  n  to  x  +  n  +  1. 

Benefit  (iv). — Annuities  to  widows  left  by  the  next  marriages 
of  presently  married  men.     Valuation  formula  : 

If  p  be  the  average  age  of  the  existing  wives  of  members 
aged  w,  and  if  we  denote  the  value  of  Benefit  (iii)  in  the  case 
of  a  widower  aged  x  by  {innd)^,  the  formula  for  this  benefit 
may  be  written 

A  formula  can  be  devised  on  lines  already  indicated  for 
annuities  to  widows  who  may  be  left  by  second  marriages  of 
bachelors,  but  even  then  there  still  remain  annuities  to 
widows  left  by  second  and  subsequent  re-marriages  of  widowers, 
and  by  third  and  subsequent  marriages  of  bachelors  and 
husbands. 

But  while  there  should  be  no  great  difficulty  in  x^-riting  down, 
theoretical  formulas  for  the  valuation  of  these  benefits,  the 
actual  compilation  of  tables  based  thereupon  would  be  extremely 
laborious.  Moreover,  the  data  which  any  fund  can  afford  as  to 
these  subsequent  marriages  must  be  so  insignificant  as  to  make 
it  useless  to  work  them  up  into  tables.  If,  therefore,  in  a  valuation 
by  the  reversionary  method  any  estimate  of  the  cost  of  these 
remote  liabilities  is  made,  it  would  seem  to  be  inevitable  that  it 
be  made  by  some  arbitrary  plan. 

An  examination  of  the  preceding  formula  shows  that,  if  it 
be  decided  to  value  a  fund  by  the  reversionary  method,  and  by 
the  data  which  it  can  itself  supply,  a  series  of  very  lengthy 
operations  must  be  undertaken.  And  it  will  be  equally  clear 
that  if  the  fund  be  not  very  large,  or  very  old,  and  if  in  either 
case  its  records  have  not  been  completely  and  accurately  kept, 
the  I'eversionary  method   necessitates  the  employment  of  the 
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published  tables  of  Huie  and  Hewat,  which  may  have  little  in 
common  with  the  features  of  the  fund. 

This  valuation  plan  certainly  has  the  outstanding  merit  that 
it  enables  prospective  annuities  to  existing  wives  (generally  much 
the  largest  portion  of  the  liabilities  of  any  fund)  to  be  valued 
with  ease  and  celerity  by  a  formula  which  eliminates  all  con- 
tingencies save  mortality. 

All  the  valuations  of  the  Church  of  Ireland  Fund  up  to  1901 
inclusive  were  made  by  the  reversionary  plan  with  Carlisle 
mortality  and  Huie's  tables,  replaced  as  far  as  possible  in  1901 
by  Hewat's  Scottish  Ministers'  tables. 

For  many  years,  therefore,  the  periodical  testings  were  made 
by  the  employment  of  an  alien  experience,  and  no  use  whatever 
was  made  of  any  features  which  the  fund  itself  possessed. 

Collective  Method. 

The  last  three  valuations  of  the  fund  were  made  by  the 
collective  method. 

This  does  not  concern  itself  with  individual  cases,  ignores 
class  distinctions  and  does  not  occupy  itself  with  the  separate 
consideration  of  first,  second  or  nth  marriages. 

Starting  with  the  proposition  that  if  a  member  be  a  married 
man  at  the  date  of  his  death  he  will  leave  a  widow,  and  that, 
if  he  be  a  married  man  or  widower  when  he  dies,  he  may  leave 
children,  it  elaborates  the  argument  by  combining  the  probability 
of  marriage  (or  parenthood)  with  the  chance  of  death,  multiplies 
the  product  into  the  value  of  the  benefit  as  at  the  date  when 
it  may  be  entered  upon,  discounts  the  entire  at  interest,  and 
brings  out  a  result  whicn  is  a  function  of  the  present  age  of  the 
member  only. 

If  Wa,  denote  the  value  of  an  annuity  of  1  to  the  widow 
who  may  be  left  by  a  member  now  aged  x,  then  the  processes 
of  the  Collective  Method  may  perhaps  be  most  succinctly 
shown  by  quoting  the  formula  given  by  King  in  his  paper 
on  Family  Annuities  {J.I. A.,  vol.  xxx,  p.  308). 


Wa,=  J-    i-*lx+t  •  H^x+thx+t  •  i'(y+tdt 


where  hx+t  is  the  probability  that  at  the  moment  of  age  x-\-t 
a  member  will  be  a  husband  and  y-\-ti^  the  then   age  of   his 
,    wife. 

In  evaluating  this  integi-al  by  any  formula  of  approximate 
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summation  it  is  to  be  noted  that,  from  the  manner  in  which  the 
average  ages  of  the  wives  are  obtained — either  by  recording 
them  as  at  the  date  when  they  become  widows,  or  by  taking  the 
average  of  the  ages  of  the  wives  of  existing  members — it  does  not 
necessarily,  or  even  probably,  follow  that,  if  y  be  the  age  of  the 
mfe  of  a  husband  aged  x,  y  -^-w  will  be  the  age  of  the  wife  of  a 
member  aged  x  +  w. 

In  practical  work  it  will  be  better,  perhaps,  to  discard  the 
calculus  and  to  employ  a  formula  which  will  lend  itself  to  the 
formation  of  commutation  columns. 

Widows'  annuities  in  the  compulsory  class  were  valued  by 
the  following  formula  at  the  last  three  investigations  : 

V\^x  =  7-  { dxlC:c(h  +  '^dx  + 1  /I'x  + 1  «c  +  .   •   •  }     •       •        •        (I) 
'.r 

where 

a:  =  age    nearest    birthday    of    member    at    date    of 
valuation, 

/cj.  =  probability  of  his  being  married  at  age  x->r  -^,  the 

age   at  which,  on  the  average,  death  will  take 
place  if  it  occur  in  the  year  x  to  x  +  l, 

h,  c,  d,  &c.  =  the  average  age  plus  one  half-year  at  date  of 
widowhood  of  the  widows  left  by  members  dying" 
at  age  x,x  +  l,x  +  2,  &c.,  or  of  the  existing  wives 
of  members  aged  x,  x-\-l,  x  +  'Z,  &c.,  nearest 
birthday. 

This  formula  may  readily  be  thrown  into  commutation 
form  by  multiplying  numerator  and  denominator  by  v^. 

In  strictness  the  several  values  of  a  employed  in  (I)  should 
be  those  of  annuities  ceasing  at  re-marriage  ;  but  in  his  paper  on 
The  Valuation  of  a  Widow's  Annuiiy  (T.F.A.,  vol.  ii,  p.  307), 
the  late  V.  Marr  has  shown  that  the  substitution  for  an 
annuity  ceasing  at  re-marriage  of  an  ordinary  life  annuity 
makes  very  little  change  in  the  value  of  W.  Such  small  change 
as  the  substitution  does  make  is  in  the  direction  of  safety,  a 
direction  always  very  popular  with  the  actuarial  mind. 

Ha\'ing  provided  ourselves  with  a  complete  table  of  W  for 
every  integral  age  of  x,  all  that  is  necessary  in  order  to  make  a 
complete  valuation  of  the  liabilities  of  a  Widows'  Fund  (apart 
from  existing  aimuities)  is  to  multiply  the  total  number  of 
members   on   the   fund   rt   each   nearest    birthday,    bachelors, 
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married   men   and   widowers   combined,    into   the   appropriate 
values  of  W. 

Comparison  of  Methods. 

The  superiority  of  the  new  over  the  old  method  would  seem 
to  be  great,  and  it  is  not  easy  to  discover  any  line  of  criticism 
which  would  be  destructive  if  applied  to  one  and  harmless  if 
-addressed  to  the  other. 

Examination  of  (I)  shows  that,  apart  from  mortahty,  the 
assumptions  involved  are  either  (i)  that  in  every  future  year 
the  proportion  of  bachelors,  husbands  and  widowers  dying  at 
any  age  to  total  members  dying  at  such  age,  and  the  average 
ages  of  wives  on  becoming  WTidows,  will  be  the  same  as  were 
shown  in  the  table  used  in  the  valuation,  or  (ii)  that  the  ratios 
bachelors,  married  men  and  widowers  to  total  members  existing 
at  each  age  at  date  of  valuation,  and  the  average  ages  of  the 
wives  of  members  existing  at  that  particular  period  shall  not 
vary  in  succeeding  years. 

It  may  be  advanced  in  criticism  of  the  collective  method 
that  these  ratios  and  average  ages  may  not  obtain  in  the  future. 
But,  surely,  a  very  similar  objection  may  be  urged  against  the 
reversionary  method,  which  requires  for  its  complete  validity 
that  the  proportion  of  bachelors  marrying,  and  widowers  re- 
marr^dng,  in  the  future  shall  not  differ  from  that  disclosed  by 
past  experience,  as  well  as  that  the  average  ages  at  marriage 
of  the  wives  to  be  taken  by  existing  bachelors  and  widowers 
shall  be  the  same  as  those  of  the  wives  taken  by  past  bachelors 
and  widowers. 

Any  canvassing  of  the  merits  of  ttie  reversionary  method 
should,  to  be  pertinent,  undertake  to  show  that  its  underlying 
assumptions  are  more  likely  to  be  realized  than  are  those 
implicit  in  the  collective  plan.  This  undertaking  does  not 
heretofore  appear  to  have  been  essayed,  and  would  seem  to  be 
a  difficult  task. 

Descreptiox  of  Actual  Valuation  and  Experience. 

All  the  collective  valuations  of  the  Church  Fund  were  based 
upon  "  Uving  "  experiences,  formula  (I)  being  used,  mortality 
only  being  assumed. 

In  1906  0^^^^)  mortality  was  assumed  for  male  lives  and 
B.O.A.  select  for  females.  At  the  succeeding  valuations  the  rates 
of  mortality  adopted  were  those  shown  by  King  in  his 
Report  to  the  Treasury  on  the  Elementary  Teachers'  Deferred 
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Annuity  Fund  (1907).  The  rates  of  mortality  for  male  lives 
shoAvn  in  this  Eeport  were  based,  for  ages  below  40,  upon  the 
experience  of  abstainers  and  Church  of  England  clergymen,  for 
ages  40  to  70  upon  the  actual  experience  of  the  Deferred  Annuity 
Fund,  for  ages  71  to  75  they  are  90  per-cent  of  the  B.OA. 
ultimate  rates,  and  from  76  on,  they  are  the  full  B.O.A.  ultimate 
rates. 

As  regards   female   mortality  "  below   age   40   the  recorded 

"  female  rate  of  mortality  was  increased For  ages  40 

"to  70  the  experience  of  the  fund  itself  was  taken,  and  for 
"  ages  above  70  the  curve  was  joined  on  to  that  of  the 
"  British  Ofhces."     {Vide  King's  report.) 

The  following  are  specimen  annuity  values  at  3|  per-cent, 
based  upon  the  rates  of  mortality  above  referred  to. 


! 
Values  of  Oj-                               \ 

Age 
X 

Males                                   Females 

25 

20-952            i              21-792 

35 

18-949                          19-825 

45 

16-030                          17-035 

55 

12-592                          13-662 

65 

8-899                           9-921 

75 

5-398                            6-091 

I  may  mention  that,  remarkably  low  as  are  the  rates  of 
mortality  shown  in  King's  Report,  a  comparison  I  made 
between  the  actual  male  deaths  in  the  five  years  1907-1911  and 
those  expected  showed  the  mortality  amongst  Church  of  Ireland 
clergymen  to  be  lower  still. 

The  preliminary  data  as  to  marital  condition  available  at 

the  last  three  valuations  of  the  Widows'  Fund  are  shown  in 

Table  I.     The  figures  in  the  "  married  "  column  of  this  table 

at  any  particular  age  divided  by  the  total  number  of  members 

at  that  age,  give  us  the  ungraduated  probabihty  of  a  member 

being  a  married  man.    Thus,  the  1916  figures  show  that  in  the 

compulsory  class,  the  probability  of  being  a  husband  at  age 

27 
40  is  ^  or  -7105. 

The  ungi'aduated  average  age  last  birthday  of  the  mfe  of  a 
member  of  nearest  age  x  at  date  of  valuation  was  found  by 
summing  the  ages  of  all  the  wives  of  husbands  aged  x  and 
^dividing  the  sum  by  the  number  of  husbands.  Thus,  in  the  1916» 
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compulsory  class,  the  total  ages  of  the  23  wives  of  husbands 
aged  50  amounted  to  1,023  years,  which  number  divided 
by  23  gives  the  ungraduated  average  age  of  the  wife  of 
a  husband  aged  50  as  44 "5  years. 

Some  of  these  ungraduated  average  ages  are  shown  in  the 
following  table  : 

Table  A. 

Showing  the  ungraduated  average  Age  laat  birthday  of  the  Wife  of  a 
member  of  nearest  age  x  deduced  from  the  data  of  the  Church  of 
Ireland  Fund. 


Age 

Average  Age  of  Wife 

of 

Compulsory  Class 

Voluntary  Class 

Member 

(.r) 

1906 

1911            1916 

1906 

1911 

1916 

25 

260 

330            260 

1 

30 

26-7 

32  0            29-9 

26- 

35 

31-6 

32-3            33-3 

31  0 

31-5 

40 

37-6 

33-8            35-9 

38-7 

40  0 

360 

45 

40-9 

410            38-3 

42-7 

44-0 

45-3 

50 

46-0 

44-4            44-5 

54-3 

48-3 

48-7 

55 

52-2 

51-3            480 

47-6 

50-3 

49-7 

60 

47-7 

51-6            53-6 

59  0 

52-5 

51-7 

65 

... 

59  0            53-2 

53  0 

54-8 

70 

... 

520 

69-0 

58-0 

73  0 

All  the  data  provided  by  the  Church  of  Ireland  Fund  were 
graduated  by  the  summation  method,  the  procedui'e  followed 
being  that  described  by  King  in  J. LA.,  vol.  xhi,  p.  225,  and 
vol.  xliii,  p.  109,  and  by  his  formula  (va)  the  following  graduated 
"pivotal"  ages  of  wives  were  derived  (1916  Valuation, 
Compulsory  Class)  : 


Hasband's  Age 

Wife's  Average  Age 

(nearest) 

(last  birthday) 

32 

30-7 

37 

33-3 

42 

37-5 

47 

40-9 

52 

46-2 

57 

49-5 

62 

56-7 

For  valuation  purposes  it  is,  of  course,  necessary  to  have 
the  probability  of  being  a  married  man,  hx,  and  the  average  age 
of  the  wife,  for  every  age  of  the  member  up  to  the  Hmiting  age 
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of  the  life  table.  So  far,  however,  the  Irish  Church  Fund  only 
supplies  these  particulars  up  to  late  middle-age,  and  those  for 
higher  ages  had,  perforce,  to  be  fixed  arbitrarily. 

In  1916  it  was,  therefore,  assumed  that  in  the  compulsory 
class  h:c  would  remain  constant  from  age  62  at  '85,  and 
that  from  age  67  on  there  would  be  a  constant  difference  of 
six  years  in  the  ages  of  husbands  and  wives. 

Apart  from  the  consideration  that,  thereby,  the  stringency  of 
the  valuation  is  increased,  there  is  certainly  no  reason  why  hj. 
should  be  fixed  at  a  high  constant  from  middle-age  to  the  end 
of  life.  A  "priori  reasoning  suggests  that  the  curve  of  this 
probability  should  gradually  ascend  to  a  maximum  and  then. 
gradually  descend,  and  confirmation  that  this  is  so  is  afforded 
by  Schioll's  "Norwegian  Statistics"  {J. I. A.,  vol.  xl,  p.  209), 
and  by  Marr's  Tables. 

Equally  we  should  not  expect  that  over  any  considerable 
period  the  difference  between  the  ages  of  husbands  and  wives 
could  be  represented  by  a  constant,  and  here,  again,  confirmation 
is  lent  by  Schjoll  and  Marr,  who  show  this  difference  to  be  an 
increasing  one  throughout  life. 

The  effect  of  the  assumptions  made  would  therefore  seem  to 
be  that  one  made  for  overstating  the  liability  and  the  other  for 
understating  it,  with  the  result,  it  is  hoped,  that  the  true  liability 
has  been  stated  with  substantial  accuracy. 

I  have  found  Buchanan's  interpolation  formula  {J. I. A., 
vol.  xlii,  p.  369),  to  be  productive  of  considerable  economy  of 
time  and  labour,  and  I  have  therefore  used  it  for  all  the  interpola- 
ticyis  necessary  in  the  preparation  of  this  paper. 

An  outstanding  merit  of  the  collective  method  is  contained 
in  the  readiness  "^dth  which  data  supplied  on  preceding  occasions 
can  be  incorporated  mth  those  furnished  by  a  present  investi- 
gation whereby  the  experience  can  be  made  to  become  cumu- 
lative and  the  bases  whence  we  reason  can  be  enlarged  and 
strengthened.  This  is  a  matter  to  which  no  previous  reference 
would  appear  to  have  been  made,  although  it  is  of  considerable 
importance. 

The  insistent  demand  of  actuarial  science  is  for  data,  and 
I  think  that  the  only  ground  upon  which  an  actuary  would  be 
relieved  of  the  duty  of  incorporating  in  a  present  investigation 
data  furnished  on  preceding  occasions  is  that  the  latter  have 
ceased  to  be  homogeneous. 

In  the  following  table  are  shown  quinquennial  ungraduated 
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and  graduated  wives'  ages  and  similar  values  of  the  probability 
of  being  a  married  man  (husband),  all  based  upon  the  combined 
experience  of  the  last  three  valuations  of  the  compulsory  class 
of  the  Irish  Church  Fund. 

It  was  assumed  that  at  age  67  the  graduated  wife's  age  was 
60  ;  that  from  age  72  inclusive  of  husband  the  latter  would  be 
eight  years  older  than  his  wife,  and  that  from  age  67  inclusive 
the  probabihty  of  being  a  married  man  would  be  constant  at  '7. 

Commencing  the  summations  in  fives  at  age  25  graduated 
quinquennial  values  of  wives'  ages  for  husband's  ages  32, 
37  and  so  on,  were  obtained  by  King's  formula  (v«),  and  all 
the  interpolations  were  made  by  Buchanan's  formula  already 
referred  to. 

By  assuming  that  the  age  of  the  wife  of  a  husband  aged 
27  years  was  also  27 — an  assumption  which  the  data  show  to 
be  a  safe  one — I  was  enabled  to  interpolate  the  wives'  ages 
from  age  33  on  ;  and  by  means  of  the  graduated  values  at 
ages  27,  32,  33,  34  and  3.5  and  a  fourth  difference  formula  the 
values  between  27  and  32  were  obtained. 

At  ages  below  27  the  values  are  arbitrary. 

The  interpolations  for  the  marriage  probabilities  were  made 
in  precisely  the  same  manner,  the  assumption  being  made  that 
at  age  27  the  graduated  probability  was  "15. 

So  far  as  it  goes  to  show  the  goodness  of  the  graduation, 
it  may  be  mentioned  that  up  to  age  67,  after  which  the  data 
are  too  scanty  to  be  reHable,  the  '"  expected "  number  of 
married  men  is  1648*87,  as  compared  with  1,648  actual  cases. 

Table  B. 

Showing  average  Ages  of  Wives  and  prohahility  of  heing  a  Hnshond  {hy) 
based  upon  the  combined  1906,  1911,  and  1916  Valuations  of  the 
Church  of  Ireland  Fund. 


Age 

X 

Wife's  Age  last  Birthday 

hx 

Ungraduatert 

Graduated 

Ungraduated 

Graduated 

27 

29-86 

27-0 

-1250 

•1500 

32 

3100 

30-1 

-4707 

•3998 

37 

33-91 

33-4 

-6629 

•6093 

42 

37-35 

37-0 

•7723 

•7327 

47 

41-14 

41-6 

-8102 

•7792 

52 

45-38 

46-2 

-7704 

■8116 

57 

50-39 

50-6 

-7568 

•7950 

62 

52-68 

55-6 

-7600 

-7292 

67 

61-50 

60-0 

•2222 

•7000 
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The  following  statement  of  graduated  values  is  submitted  in 
support  of  the  contention  that  the  data  of  the  Church  of  Ireland 
Fund  continues  to  be  homogeneous  and,  incidentally,  to  lend 
support  to  the  collective  method,  as  indicating  that,  so  far  as 
this  particular  fund  is  concerned,  its  luiderlying  assumptions 
have  been  reasonably  fulfilled  : 


Husband's 

Age 

a- 

Average  Age  last  Birthday 
OF  Wife 

V 

Probability  of  being  a 
Married  Max 

1906 

1911 

1916 

Whole 
Experience 

1906 

1911 

1916 

Whole 
Experience 

32 
37 
42 
47 
52 
57 
62 

30-2 
33-4 
37-6 
41^7 
45-6 

30  5 
33  5 
364 
421 

46^6 
51^9 

30  •? 
333 
37  5 
40^9 
46-2 
49-5 
56^7 

301 
33-4 
370 
416 
46-2 
50  •& 
55^6 

•4200 
■5250 
•7351 
•8018 
•8314 

•3182 
•6510 
•7117 

•7786 
•7835 
•7829 

•4420 
•6450 
•7557 
•7608 
•8338 
•8161 
•7765 

•3998 
•6093 
•7327 
•7792 
•8116 
•7950 
•7292 

Remembering  that  if  a  husband  aged  x  die  within  the  year, 

his  average  age  at  death  Avill  be  x+  -r,  and  that,  consequently, 

the  average  age  of  the  widow  he  ■will  then  leave  will  be  y  +  l, 
the  following  comparison  between  the  wives'  ages,  as  shown  by 
the  whole  experience  of  the  fund  and  the  widows'  ages  at  date 
of  entry  into  widowhood  as  shown  in  Marr's  paper,  is  interesting : 


Husband's  Age 

Widow 

's  Age 

last  Birthday 

X 

Irish  Clergy 

Scotch  Ministers 

32 

3M 

32 

37 

34^4 

35 

42 

38-0 

40 

47 

42^6 

42 

52 

47-2 

47 

57 

51-6 

50 

The  smallness  of  the  difierences  between  these  figures  is 
remarkable,  and  this  is  all  the  more  so  when  it  is  borne  in  mind 
that  Marr's  method  of  obtaining  his  ages  difiers  from  mine 
in  that  he  dealt  ■with  the  values  of  annuities  that  became  payable 
by  the  deaths  of  husbands,  and  thereby,  as  it  were,  "  weighted  " 
the  widows'  ages. 
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Table  II  shows  the  values  of  W  at  3|  per-cent,  based  on  the 
combined  experience  of  the  last  three  valuations  of  the  com- 
pulsory class  of  the  Irish  Church  Fund. 

I  close  my  remarks  on  the  Widows'  Annuity  portion  of  this 
paper  by  submitting  the  results  of  two  valuations,  made  as  at 
1916  and  with  interest  at  3|-  per-cent,  of  the  compulsory  class 
of  the  Fund,  the  one  being  made  by  the  reversionary  annuity 
plan  and  the  other  by  the  collective  method. 

For  the  reversionary  valuation  I  employed  Hewat's  Scottish 
Bankers'  Tables,  with  Huie's  for  second  marriages,  and  for 
the  collective  one  the  Fund's  own  1916  experience  with  King's 
Teachers'  mortality. 


Present  value  of  Annuities  of  £45  to 
Widows  to  be  left  by  present 
Members         

Present  value  of  Future  Subscriptions 

Net  Liability             > 

Reversionary 
Method 

Collective 
Method 

£194,157 
95,283 

£193,071 
101,924 

£98,874 

£91,147 

1 

Valuation  of  Orphans'  Benefits. 

In  the  valuation  of  the  orphans '  benefits  of  the  Irish  Church 
Fund  there  are  no  competing  methods.  Here  the  collective 
plan  is  in  complete  possession,  being,  in  fact,  the  only  scientific 
mode  of  dealing  with  the  subject. 

It  may  be  noted  that  Huie  makes  no  attempt  to  value  an 
annuity  of  the  Church  Fund's  main  type,  and  that  he  dismisses 
any  attempt  to  estimate  the  values  of  annuities  to  children  to 
be  left  by  members  still  unmarried  as  involving  "  much  uncer- 
tainty and  far  more  labour  than  the  object  is  worth." 

All  the  valuations  of  liabilities  before  1906  under  Prospective 
Benefits  to  children  appear  to  have  been  estimated  by  a  process 
wholly  empirical,  the  underlying  assumption  of  which  was  that 
every  member  that  married  would  procreate  four  children. 
King  has,  however,  put  this  branch  of  actuarial  practice 
on  a  scientific  basis,  and  his  method  has  been  followed  from 
1906  inclusive  with  the  Irish  Fund. 

Annuities  to  existing  orphans  were  valued  by  the  late  H.  W. 
Manly's  tables  {J.I.A.,  vol.  xxxviii,  p.  116),  and  these  tables 


14  The  Reversionary  {or  Prospective)  and  Collective    [April 

also  formed  the  basis  of  the  tables  prepared  for  valuing  annuities 
to  prospective  orphans. 

If  Ox  denote  the  value  of  a  continuous  annuity  of  1  payable 
up  to  a  specified  age  to  each  child  of  a  family  left  by  a  member 
now  aged  x,  then 

1  f^ 
0^=  y\v*  .  l^+t  •  /J'.v+t{hio).t+t(fa):,+tdt 

I'xJ  0 


or 


V    ix  «  =  0 


where  (hw)x+t  is  the  probability  of  being  a  husband  or 
widower  at  age  x-\-t,  and  {fa)j;+t  is  the  value  at  that  moment 
of  age  of  the  member  of  an  annuity  of  1  to  each  child  he  may 
then  possess. 

The  second  form  for  0  lends  itself  to  the  use  of  the  commu- 
tation method. 

The  material  in  Table  I  enables  us  to  calculate  the  values 
of  {hw)x+^,  the  mean  of  {hw)^  and  (/iu:)x+i,  and  in  the 
following  table  are  shown  values  of  {hw)^  based  upon  the 
combined  experience  of  the  last  three  valuations,  compulsory 
and  voluntary  classes  together.  The  graduated  values  were 
obtained  as  heretofore  indicated,  the  value  at  age  27  having 
been  assumed  to  be  -1575,  and  that  from  age  67  on  being  treated 
as  a  constant  *9. 

Table  C. 

Showing  the  prohahilUy  of  heiwj  a  Hushand  or  JVidoiver. 


(htr):c 

Age 

Uiigraduated 

Gradua'  ed 

27 

•1147 

•1575 

32 

•4593 

•4179 

37 

•6907 

•6470 

42 

•7904 

•7634 

47 

•8137 

•8245 

52 

•8131 

•8610 

57 

•8269 

•8769 

62 

•8379 

•8965 

67 

•7500 

•9000 

The  "  family  "  experience  of  the  fund,  as  shown  at  the  last 
three  valuations  of  compulsory  and  voluntary  classes  combined 
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is  amalgamated  in  Table  III,  and  therefrom  we  are  enabled  to 
obtain  unadjusted  values  of   {fa}^. 

At  any  age,  .r,  the  unadjusted  value  of  (/a)  j.  will  be  the  sum 
of  the  values  of  temporary  annuities  to  all  the  children  possessed 
by  members  aged  x  divided  by  the  sum  of  the  husbands  and 
widowers  living  at  that  age.  Thus,  if  there  be  r  children  aged 
0  —  1,  s  children  aged  1—2,  and  t  aged  2  —  3,  &c.,  the  issue  of 
the  marriages  of  all  or  some  of  the  marriages  of  the  n  husbands 
and  widowers  now  aged  a:,  and  if  a'o  be  the  value  of  a 
temporary  annuity  on  0—1,  «',  that  on  1  —  2,  and  a  2  that  on 
2  —  3,  &c.,  we  shall  have 

(Ja)-c=  -  (r  .  a'o  +  s  .a'j  +  t.  a\  + ,  &c.) 

In  the  graduation  of  (/a)^,  "  pivotal "  values  were  obtained 
for  ages  32  to  67,  both  inclusive,  and  the  mean  of  Manly 's 
figures  in  J. I. A.,  vol.  xxxviii,  p.  147,  were  adopted  as  the 
adjusted  values  at  ages  72  and  77,  at  which  latter  age  the  series 
was  assumed  to  close.  The  mean  of  the  unadjusted  values  at 
ages  27  to  29,  or  7*163,  was  taken  as  the  graduated  value  at 
age  27,  and  inteimediate  values  were  interpolated. 

In  Table  IV,  in  addition  to  a  complete  series  of  values  of 
0,  are  given  the  unadjusted  and  graduated  values  of  {fa),  all  at 
3 J  per-cent  interest. 

A  comparison  of  my  values  of  {fa)  with  those  of  Manly 
lends  strong  support  to  the  conviction  that  the  families  of  the 
Irish  clergy  are  remarkably  small. 

And  if  my  values  be  comj)ared  with  those  furnished  by 
King  in  the  discussion  upon  Manly 's  paper,  and  based  upon 
the  1901  "  family  "  experience  of  the  Irish  Church  Fund,  it  will 
be  found  that  the  tendency  of  families  to  diminish  in  size,  which 
S.  J.  H.  W.  Allin  discovered  to  exist  in  those  of  English 
Presbyterian  ministers  {J. I. A.,  vol.  xxxix,  p.  337),  is  in  full 
operation  with  the  families  of  Irish  Church  clergymen. 

The  value  of  the  increase  in  the  orphans'  benefit  which  will 
take  place  in  the  Irish  Fund  if  the  father  be  a  widower  at  the 
date  of  his  death  must  be  small,  and  it  will  no  doubt  be  sufficient 
to  provide  for  it  by  some  small  percentage  addition  to  the  value 
of  the  main  orphans'  benefit.  If,  however,  it  be  thought  necessary 
to  value  this  benefit  separately,  this  may  readily  be  done  by 
compiling    (/a)x  from  the   record   of    widowers'   children  and 
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replacing  the  probability  of  being  a  husband  or  widower  by  the 
probability  of  being  a  widower  only. 


Marriage   Kates  . 

In  the  discussion  on  AUin's  paper  Mr.  Lidstone  showed  that 
the  ratios  Bachelor  :  Total  Members,  say  K,  may  be  made  to 
yield  the  central  marriage  rates. 

By  taking  out  the  complements  of  my  probabiHties  of  being 
a  married  man  or  a  widower  I  was  enabled  to  procure  graduated 
values  of  K,  and  hence  to  obtain  central  marriage  rates  deduced 
from  the  Church  Fund's  own  experience.  Specimens  of  these 
values  are  shown  below,  together  with,  for  purpose  of  comparison, 
Hewat's  Scottish  Bankers'  rates  : 


Age 

Central  Marriage  Rate 

Irish  Church 

Scottish  Bankers 

30 
35 
40 
45 
50 
55 
60 

•0736 
•1063 
■0727 
•0541 
•0433 
•0204 
•0360 

•0690 
•0693 
•0521 
•0371 
•0246 
•0149 
•0104 

It  will  be  seen  that  my  figures  run  very  irregularly,  and  this 
may,  perhaps,  to  some  extent  be  due  to  secessions,  which, 
although  small,  are  not  inconsiderable.  Of  course  it  would  be 
quite  possible  by  graduation  of  my  rates  to  obtain  a  smooth 
series.  But  whether  a  table  of  central  marriage  rates  deduced 
from  a  "  living  "  experience,  no  matter  how  smoothly  it  be 
graduated,  can  be  entitled  to  the  same  implicit  confidence  that 
we  extend  to  a  table  compiled  in  the  old  way,  is  a  matter  upon 
which  further  investigation  is  required  before  a  definite  opinion 
can  be  given. 
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Table  I. 

Jktchelor.-i,  Married  Men  and  Widowers  on  Church  of  Ireland  Fund  at 
1906,  1911  and  1916  investigations. 


Age 
near 

Compulsory  Class 

est 

1906 

1911 

1916 

birth 

day 

Bachelors 

Married 

Widowers 

Baclielors 

Married 

Widowers 

I   Bachelors 

Married 

Widowers 

23 

2 

2 

3 

24 

12 

7 

8 

25 

6 

1 

14 

i 

14 

"i 

26 

18 

2 

12 

12 

27 

14 

3 

23 

2 

12 

2 

28 

21 

i 

17 

5 

15 

3 

29 

11 

2 

1 

18 

6 

16 

4 

30 

20 

12 

20 

2 

12 

9 

... 

31 

16 

14 

21 

6 

18 

6 

... 

32 

11 

5 

10 

13 

15 

14 

33 

17 

17 

1 

21 

11 

15 

14 

34 

15 

11 

16 

11 

i 

10 

13 

i 

35 

10 

12 

16 

20 

9 

12 

36 

24 

12 

10 

20 

i 

10 

19 

1 

37 

12 

20 

10 

14 

7 

23 

38 

9 

22 

12 

31 

14 

15 

39 

11 

9 

i 

9 

21 

10 

23 

i 

40 

10 

16 

1 

4 

19 

11 

27 

41 

10 

21 

15 

24 

12 

25 

42 

4 

20 

10 

31 

i 

8 

27 

43 

6 

22 

5 

26 

1 

6 

34 

44 

6 

19 

9 

13 

1 

7 

21 

45 

3 

14 

5 

22 

1 

5 

21 

46 

9 

23 

2 

11 

22 

2 

8 

27 

2 

47 

2 

14 

5 

18 

8 

32 

48 

4 

16 

i 

4 

26 

i 

5 

20 

i 

49 

3 

19 

4 

22 

5 

17 

2 

50 

6 

12 

1 

12 

i 

1 

23 

51 

1 

18 

8 

24 

3 

8 

23 

2 

52 

4 

12 

5 

12 

4 

23 

1 

53 

1 

10 

4 

17 

3 

26 

1 

54 

1 

0 

3 

18 

3 

17 

1 

55 

1 

9 

i 

5 

12 

6 

16 

56 

1 

5 

1 

18 

25 

2 

57 

2 

5 

3 

12 

i 

3 

11 

58 

2 

8 

i 

1 

7 

1 

2 

21 

i 

59 

1 

1 

1 

5 

1 

3 

10 

60 

3 

3 

11 

4 

16 

i 

61 

1 

3 

11 

1 

62 

2 

6 

3 

13 

1 

63 

... 

4 

1 

2 

4 

5 

10 

64 

i 

1 

1 

2 

4 

2 

65 

2 

2 

11 

66 

1 

2 

6 

i 

67 

... 

i 

3 

2 

3 

68 

... 

3 

4 

1 

69 

1 

1 

1 

70 

1 

... 

71 

1 

72 

1 

73 

1 

74 

i 
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Table  I — continued. 


near 

VoLCNTAKV  Class 

1 

birth 

1906 

1911 

1916 

Baclielo's 

Mariied 

Widowers 

1  Baciielors 

Mairied 

Widowers 

Bachelors 

Marrit-d 

Widowers 

23 

... 

24 

1 

I 

1 

25 

... 

i 

1 

... 

26 

i         "2 

27 

i 

... 

i 

i         3 

28 

1 

... 

2 

29 

1 

2 

i 

2 

i 

... 

30 

i 

1 

1      1 

2 

1 

i  31 

;      1 

i 

1 

2 

32 

2 

1 

:      2 

i      1 

33 

2 

3 

1 

'      1 

3 

34 

2 

5 

... 

2 

3 

1 

35 

1 

3 

i 

4 

36 

4 

3 

2 

2 

4 

37 

6 

... 

2 

"i 

2 

38 

1 

4 

i 

4 

i 

2 

39 

4 

i     "i 

8 

3 

40 

i 

6 

1 

5 

"2 

4 

41 

1 

8 

3 

5 

4 

42 

3 

8 

... 

8 

i 

3 

43 

3 

4 

... 

1 

6 

1 

44 

4 

7 

6 

45 

6 

... 

2 

3 

i 

3 

46 

6 

9 

1      1 

9 

47 

1 

2 

i 

2 

8 

j      1 

8 

... 

48 

8 

2 

... 

6 

49 

3 

"i 

5 

5 

50 

3 

"2 

I 

3 

i 

3 

i 

61 

4 

8 

1 

i 

10 

52 

"i 

5 

2 

6 

53 

... 

1 

7 

... 

... 

5 

54 

3 

"i 

4 

3 

i 

55 

5 

i 

4 

"i 

i 

3 

56 

4 

1 

1 

5 

"i 

57 

5 

i 

6 

... 

2 

1 

58 

3 

1 

... 

6 

59 

9 

3 

1 

... 

3 

i 

60 

1 

... 

4 

... 

3 

... 

61 

1 

6 

... 

2 

62 

3 

... 

3 

"i 

4 

i 

63 

2 

4 

2 

64 

6 

i 

2 

... 

65 

i 

... 

... 

4 

... 

66 

1 

1 

6 

67 

"i 

2 

68 

2 

5 

... 

69 

i 

5 

70 

1 

"i 

1 

71 

1 

1 

1 

72 

1 

2 

73 

74 

... 

... 

... 

i 

i 

75 

•  •• 

1 

"i 

76 

... 

... 

1 

79 

1 

... 

- 
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Table  II. 

Showing  the  present  value  (W^)  of  an  Annuity  of  1  to  the  TFidow  who 
may  be  left  by  any  member  (now  a  Bachelor;  Married  Man,  or 
fFidoiver),  to  commence  at  his  death.     Interest  3^  per-cent. 


Age  of  Member 
(newest 
birthday) 

Age  of  Wife 
(last   biillifiay) 

J/ 

"</+! 

Wx 

(1) 

(i) 

(3) 

W 

23 

2-158 

24 

2-243 

25 

25' 

22  i'26 

2-332 

26 

26 

21-954 

2-425 

27 

27 

.21-776 

2-513 

28 

27-4 

21-601 

2-595 

29 

28 

21-590 

2-676 

30 

28-7 

21-456 

2-755 

31 

29-4 

21-318 

2-832 

32 

30-1 

21-178 

2-908 

33 

30-8 

21-033 

2-984 

34 

31-4 

20-906 

3-059 

35 

321 

20-756 

3134 

36 

32-7 

20-622 

3-209 

37 

33-4 

20-463 

3-284 

38 

34-2 

20-277 

3-358 

39 

34-8 

201.34 

3-432 

40 

35-5 

19-961 

3-5O0 

41 

36-3 

19-760 

3-577 

42 

37 

19-580 

3-647 

43 

37-9 

19-340 

3-716 

44 

38-8 

19-092 

3-782 

45 

39-7 

18-836 

3-846 

46 

40-6 

18-575 

3-908 

47 

41-6 

18-277 

3-966 

48 

42-5 

18-003 

4-022 

49 

43-4 

17-723 

4-074 

50 

44-4 

17-407 

4-121 

51 

45-3 

17-118 

4-163 

52 

46-2 

16-825 

4-200 

53 

47-1 

16-530 

4-232 

54 

47-9 

16-263 

4-260 

55 

48-8 

15-961 

4-283 

56 

49-6 

15-691 

4-303 

57 

50-6 

15-349 

4-317 

58 

51-5 

15-038 

4-327 

59 

52-6 

14-655 

4-336 

60 

53-6 

14-304 

4-344 

61 

54-7 

13-912 

4-351 

62 

55-6 

13-588 

4-359 

c  2 
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Table  II — continued. 


Age  of  Member 

Age  of  Wife 

(nearest 
birlliday) 

(last  birthday) 

"y+l 

W:r 

X 

i/ 

(I) 

(2) 

(3) 

(4) 

63 

56-5 

13-262 

4-363 

64 

57-4 

12-932 

4-367 

65 

58-2 

12-636 

4-366 

66 

59 

12-338 

4-362 

67 

60 

11-961 

4-352 

68 

60-7 

11-695 

4-339 

69 

61-4 

11-427 

4-317 

70 

62-3 

11-081 

4-286 

71 

631 

10-771 

4-247 

72 

64 

10-421 

4-197 

73 

65 

10-029 

4-139 

74 

66 

9-636 

4-073 

75 

67 

9-243 

3-998 

76 

68 

8-850 

3-916 

77 

69 

8-460 

3-826 

78 

70 

8-072 

3-728 

79 

71 

7-690 

3-626 

80 

72 

7-313 

3-520 

81 

73 

6-947 

3-412 

82 

74 

6-591 

3-302 

83 

75 

6-248 

3-190 

84 

76 

5-919 

3-077 

85 

77- 

5-603 

2-964 

86 

78 

5-301 

2-852 

87 

79 

5-012 

2-741 

88 

80 

4-735 

2-630 

89 

81 

4-467 

2-521 

90 

82 

4-211 

2-408 

91 

83 

3-965 

2-300 

92 

84 

3-729 

2-237 

93 

85 

3-503 

2-073 

1             94 

86 

3-288 

1-982 

95 

87 

3-083 

1-858 

96 

88 

2-889 

1-740 

97 

89 

2-704 

1-608 

98 

90 

2-529 

1-456 

99 

91 

2-363 

•603 
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Table  III. 
Showing  the  number  of  Married  Men  and  Widowers  and  the  Ages  of  their 
Children,  as  disclosed  by  the  1906,  1911  and  1916  Valuations  of 
the  Church  of  Ireland  Fund. 


Age 

O  01 

oi-S 

Xpmbf.r  of  Children  and  Ages 

1 

0-1- 

2- 

3- 

4- 

5-  6- 

7- 

8-  9- 

10- 

11- 

12- 

13- 

14r- 

15- 

16-17- 

18- 

1 
19-20-1 

25 
26 
27 

28 

,  29 

30 

;  31 

1  32 
i  33 
;  34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
'  63 
1  64 

,  65 
;  66 
67 
68 
69 
70 
71 
1  72 
73 

;  74 

75 
'  76 

3 

2 

7 

10 

16 

25 

29 

34 

50 

45 

51 

61 

67 

80 

68 

77 

87 

99 

97 

70 

70 

102 

83 

81 

73 

61 

93 

60 

67 

54 

51 

62 

41 

49 

35 

39 

24 

31 

32 

17 

17 

16 

9 

15 

8 

4 

4 

4 

1 

1 

1 

1 

i 

3 

5 

9 

6 

6 

20 

11 

13 

17 

9 

16 

.1 

16 
13 
10 
9 
6 
3 
6 
4 
3 

2 
3 
3 
1 
2 
... 
2 
2 
1 
1 

■  .  > 

... 

... 

2 
5 
3 

3 

5 

10 

9 

15 

8 

15 

14 

9 

13 

11 

9 

12 

6 

6 

8 

8 

10 

3 

2 

6 

3 

2 

1 

i 

::: 

i 

1 

4 
4 
4 
9 
9 
7 

16 
7 

17 
7 

13 

14 
9 
9 

16 
3 

11 
3 
7 
2 
1 
1 
2 
2 
1 
1 

2 
2 

... 

i 

3 

10 

5 

11 

5 

15 

12 

11 

12 

14 

11 

12 

8 

12 

10 

8 

3 

4 

2 

7 

3 

3 

2 

2 

1 

3 

i 
i 

i 

1 
1 

5 
3 

3 

4 

15 

8 

11 

12 

17 

10 

11 

9 

14 

6 

10 

5 

11 

7 

5 

5 

2 

2 

1 

1 

i 
i 

2 

4 

2 

8 

6 

9 

17 

10 

12 

10 

12 

17 

12 

14 

13 

8 

10 

7 

4 

1 

6 

3 

2 

2 

2 
1 

i 
1 

i 

... 

3 
3 
3 

8 

11 

8 

11 

13 

8 

16 

13 

13 

9 

11 

6 

13 

7 

6 

6 

9 

7 

2 

1 

5 

1 

3 

1 

i 

i 

2 

2 
3 
5 

8 

9 

10 

16 

8 

18 
10 
10 

\l 

9 
13 

12 
5 
2 

I 

... 

i 

2 

1 

i 
... 

8 

8 

10 

8 

5 

18 

6 

15 

12 

12 

8 

13 

9 

8 

9 

4 

5 

5 

5 

4 

3 

2 

2 

1 

"i 

1 

1 

... 

3 
1 
3 

6 

8 

7 

8 

10 

15 

10 

13 

14 

10 

8 

4 

9 

11 

7 

5 

9 

4 

4 

6 

4 

2 

"i 

1 
1 

"i 

"i 

3 

2 

4 

5 

7 

11 

16 

10 

12 

13 

15 

15 

11 

8 

10 
6 
8 
7 
3 
3 
5 

i 

1 
3 

"i 
"i 

3 

2 
2 
6 
8 

15 
7 
9 
8 

12 

13 
8 

11 
6 

12 
2 

10 
2 
2 
8 
3 
4 
1 
1 
1 
2 
2 
1 
1 

i 

1 

4 

6 

11 

7 

8 

11 

14 

9 

14 

10 

11 

17 

7 

9 

9 

3 

7 

1 

3 

3 

"3 

1 

1 
1 

... 

... 

i 

2 

1 
3 

8 
7 

11 
9 
6 

16 

.1 

10 
8 
9 
8 

10 
4 
9 
5 
2 

2 
2 
2 
3 

1 
1 
1 

2 

2 

9 

7 

5 

5 

12 

10 

12 

8 

12 

17 

8 

6 

7 

9 

7 

2 

4 

2 

3 

4 

5 

'2 

"i 

i 

4 

1 

5 

5 

10 

12 

10 

10 

12 

16 
11 
13 

8 

3 

7 

5 

6 

2 

3 

1 

3 

3 

1 

i 

1 
1 

-i 

2 
4 
2 
4 
6 
9 

12 
6 
8 
7 

14 
5 

11 
5 
3 
9 
4 
5 
2 
2 
1 
1 
2 

"2 
"'2 

... 

i 

1 
2 
2 

6 

13 

3 

12 

12 

10 

8 

10 

8 

13 

9 

7 

5 

6 

3 

1 

4 

3 
1 
1 

i 

... 

2 

1 

2 

5 

6 

7 

5 

11 

11 

14 

11 

9 

11 

8 

8 

9 

8 

5 

5 

4 

4 

2 
3 

"f 

i 

"2 

'2 

5 
7 
3 
7 
5 
11 
10 
11 
5 
10 
8 
6 
4 
5 
4 
3 
1 
5 
1 
1 
2 
1 
1 

... 

4 
4 

7 
7 

12 
7 

10 
8 
5 

10 

10 
2 
3 
2 
4 
3 
5 

i 

1 
2 
2 
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Table  IV. 

Falues  of  {fa)^  an  Annuity  of  1  to  Age  21  to  each  Child  of  a  Memher 
noiv  aged  x  and  0^  an  Annuity  of  1  to  Age  '2\  to  each  Child  of  a 
Member  (Bachelm;  Married  Man  oi-  Widower)  now  aged  x  and  to 
commence  on  his  death.  Based  upon  the  1906,  1911  and  1916 
Valuations  of  the  Church  of  Ireland  Fund,  Compuhoi-y  and  Volwn- 
tary  classes  combined.     Bate  of  interest  3i  per-cent. 


Age 

X 

(/«) 

0 

Ungraduated 

Graduated 

(1) 

3) 

W 

23 

1-18 

24 

1-23 

25 

1-28 

26 

3-582 

1-33 

27 

3-789 

7-163 

1-38 

28 

9-295 

8-000 

1-43 

29 

8-404 

8-525 

1-47 

30 

9-032 

8-997 

1-52 

31 

6-396 

9-593 

1-57 

32 

8-359 

10-416 

1-61 

33 

16-191 

11-491 

1-66 

34 

12-070 

12-765 

1-69 

35 

16-070 

14-107 

1-73 

36 

13-996 

15-385 

1-76 

37 

16-376 

16-468 

1-79 

38 

18-854 

17-388 

1-81 

39 

16-511 

18-232 

1-83 

40 

19-218 

18-952 

1-84 

41 

18-175 

19-500 

1-84 

42 

19-010 

19-828 

1-84 

43 

18-260 

19-904 

1-83 

44 

23-565 

19-760 

1-82 

45 

21-174 

19-445 

1-79 

46 

17-530 

19-005 

1-76 

47 

17-995 

18-486 

1-72 

48 

18-670 

17-885 

1-67 

49 

16-507 

17-166 

1-62 

50 

15-954 

16-341 

1-55 

51 

14-776 

15-423 

1-48 

52 

15-060 

14-415 

1-41 

53 

13-578 

13-242 

1-33 

54 

12-270 

11-895 

1-25 

55 

8-752 

10-496 

1-17 

56 

8-661 

9-160 

1-10 

57 

10-396 

8-003 

1-03 

58 

7-568 

7-035 

•97 

59 

5-109 

6-177 

•91 

60 

3-713 

5-417 

•85 

61 

3-843 

4-745 

•79 

62 

6-547 

4-149 

•74 

63 

5-271 

3-653 

•69 

64 

1-782 

3-264 

•65 

65 

1-929 

2-947 

•60 

66 

4-404 

2  669 

•55 

67 

2-638 

2-395 

•51 

68 

3-109 

2-131 

•46 

69 

1-898 

•42 

70 

1-692 

•37 

71 

1-499 

•32 

72 

1-414 

1-315 

•28 

73 

1-140 

•23 

74 

-981 

•17 

75 

-832 

•14 

76 

•693 

•09 

77 

•560 

•05 
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Abstract  of  the  Discussion. 

Mr.  TINXER  said  that  the  author  had  placed  them  under  a 
double  obligation  by  putting  new  data  at  their  disposal,  and  by 
bringing  before  them  the  question  of  the  "  prospective  "  versus  the 
"  collective  "  method  of  valuation  which,  although  it  had  been 
discussed  at  meetings  of  the  Institute,  had  not  previously  been  the 
main  topic  of  debate. 

He  would  in  the  first  place  touch  upon  a  few  minor  points.  The 
author  stated  that  the  prospective  method  had  the  advantage  of 
enabling  "  prospective  "  annuities  to  existing  wives  to  be  valued  with 
ease  and  celerity"  by  means  of  the  formula  ax  —  fta-.v  That  statement 
needed  perhaps  a  little  qualification  if  the  formula  was  to  be  applied 
strictly  to  every  case,  seeing  that  it  involved  the  construction  of 
fairly  extensive  tables  of  joint-life  annuities  based  on  special  rates 
of  mortality,  and  that  each  case  had  to  be  dealt  with  individually 
except  in  so  far  as  there  might  be  more  than  one  husband  aged  x, 
whose  wife's  age  was  y.  It  would  seem,  therefore,  that  although, 
given  the  necessary  joint-life  tables,  the  work  was  simple,  the  amount 
of  work  involved  would  be  such  as  to  defeat  the  claim  to  celerity. 
With  regard  to  the  other  benefits,  the  annuities  to  widows  of  the 
first  marriage  of  present  bachelors  were  comparatively  easy  to  value, 
but  when  one  came  to  value  the  annuities  to  widows  of  second  and 
third  marriages  one  would  get  into  deep  water  because  of  the  com- 
plicated analysis  required  and  the  paucity  of  data.  One  was 
obliged,  therefore,  to  seek  for  some  simpler  method  of  valuation 
which  would  make  allowance,  without  prohibitive  labour,  for  the 
different  forces  involved  in  the  calculations,  and  that  led  naturally 
to  what  was  known  as  the  "  collective  "  method,  which  consisted 
in  deducing  from  the  statistics  of  members  living  the  combined 
effect  of  two  or  more  of  the  various  forces  operating  to  produce  the 
events — other  than  the  death  of  the  member — which  caused  the 
benefits  to  be  payable  and  affected  their  value. 

He  observed  that  the  author,  in  valuing  the  widows'  annuities, 
found  the  average  age  of  the  wives  of  all  the  husbands  of  age  x, 
and  assumed  that  the  annuity  at  that  average  age  represented  the 
value  of  an  annuity  to  the  widow  of  a  man  djnng  at  age  x.  It  would 
seem  as  though  a  more  accurate  result  would  be  obtained  by  taking 
the  sum  of  the  annuity- values  corresponding  to  the  different  ages 
of  the  wives  of  men  aged  x  and  dividing  that  sum  by  the  number  of 
wives.  It  might  be  that  the  difference  between  the  results  of  the 
two  methods  was  so  small  as  to  be  negligible,  and  perhaps  the  author 
could  throw  some  Ught  on  that  point.  Then  the  author  gave  a 
formula  for  the  valuation  of  widows'  annuities  by  the  collective 
method  somewhat  similar  to  that  for  valuing  orphans'  annuities. 
Both  these  formulas  had  the  feature  that  they  were  applied  to  the 
total  number  of  members  aged  x,  regardless  of  Avhether  they  were 
married,  widowers,  or  bachelors.  He  did  not  altogether  Hke  the 
plan  of  valuing  the  benefits  in  respect  of  all  members  of  a  given  age 
without  regard  to  whether  they  were  married  or  bachelors,  as  it 


24         The  Reversionary  {or  Prospective)  and  Collective    [April 

involved  the  assumption  that  whatever  might  be  the  actual 
proportion  of  bachelors  among  the  members  of  a  given  age,  the 
proportions  among  the  survivors  at  all  higher  ages  would  be  the  same 
as  those  given  by  the  graduated  ratios  of  bachelors  to  total  ; 
and  in  particular,  that  if  all  the  members  at  age  x  were  married, 
some  of  them  would  be  bachelors  at  every  subsequent  age.  It 
was  true  that  if  the  graduated  ratios  of  bachelors  to  total 
members  were  based  on  the  experience  of  the  fund,  the  errors 
involved  would  tend  to  cancel  one  another,  but  it  was  not  clear 
that  the  final  balance  of  error  would  be  negligible.  He  thought 
that  bachelors  and  married  men  should  be  treated  separately. 
There  was  a  definite  risk  attaching  to  every  husband  seeing  that  in 
case  of  his  death  his  wife  would  receive  an  annuity,  and  also  to  most 
of  the  widowers  as  the  majority  of  them  would  have  one  or  more 
children  for  whom  the  fund  must  provide  if  the  fathers  died  before 
reaching  a  comparatively  advanced  age.  The  bachelor  did  not, 
however,  represent  an  actual  so  much  as  a  potential  risk,  and  that 
fact,  in  his  opinion,  made  it  advisable  to  distinguish  between 
bachelors  on  the  one  hand  and  married  men  and  widowers  on  the 
other.  That  might  be  done  by  valuing  the  liabilities  as  if  all  the 
members  were  married  or  widowers,  and  then  making  a  deduction 
in  respect  of  the  bachelors  who  would  not  marry.  If  one  denoted 
by  Bj;+i  the  value  of  an  annuity  commencing  at  the  death 
of  a  married   man  or  widower  between  ages  x  and   /•+1,  where 

B^+i=  -(Baj  +  Ba;^:)     the     value     of     the     first    part    would    be 

St/"'*"^- .  f/a;^-,, .  Bj;-i-„-i-i//j..  The  probability  of  a  bachelor  of  age  .r 
remaining  unmarried  and  djn'ng  between  (x  +  tj)  and  (./•  +  «  + 1) 
would  be  {hd)x-i-jblx,  where   {M)x+n  was  the  number  of  bachelors 

dying  at  the  same  age,  and  {hd)x  was  equal  to  -[{bl)x+ibl)x+i\mx, 

rrix  being  the  central  death  rate.  The  deduction,  therefore,  could  be 
represented  by  the  expression  '2v'^'^^ .{hd)x+n'^x+n+llblx-  The 
number  of  bachelors  at  each  age  according  to  the  table  Avould  of 
course  be  obtained  by  means  of  the  graduated  ratios  of  bachelors  to 
total  members  at  each  age.  Both  the  foregoing  expressions  could 
be  put  into  commutation  form  and  denoted  by  ^Si^i^x  ^"d  bM^;/!)^ 
respectively.  If  now  the  actual  number  of  members  at  age  x  was  I' x 
and  the  number  of  bachelors  among  them  was  ihl)' x  the  liability 
would  be  /'a-BMj;/Da;  -  {hl)'x\^lxl^x-  Investigation  might  show  that 
that  refinement  was  unnecessary,  and  that  the  difference  in  the 
results  brought  out  by  the  two  methods  was  so  small  that  it  might 
.safely  be  neglected,  but  until  that  was  done  the  use  of  the  method 
to  which  he  had  ventured  to  take  exception  appeared  to  require 
justification.  He  had  used  the  symbol  B^;-!-*  to  denote  the  average 
value  at  the  date  of  death  of  the  benefit  payable  in  respect  of  a 
husband  or  widower  dying  in  the  year  of  age  fi-om  x  to  .r  +  1.  There 
seemed  no  real  need  to  deal  separately  with  widows'  and  children's 
annuities.  If  they  were  combined  it  might  be  sufficient  to  obtain 
Bj;  by  finding  the  ^alue  of  the  annuities  to  all  the  wives  of  men 
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aged  f;  and  of  the  annuities  to  all  the  children  of  married  men  and 
widowers,  add  the  two  together  and  divide  by  the  number  of 
married  men  and  widowers,  thus  obtaining  an  ungraduated  value 
per  man  who  was  not  a  bachelor.  This  method  would  appear  to 
give  the  desired  result  without  loss  of  accuracv  and  with  a  minimum 
of  labour  ;  also  it  avoided  the  necessity  of  distinguishing  between 
married  men  and  widowers  and  graduating  their  ratios,  although 
that  distinction  would  be  made  implicitly  in  the  process. 

The  table  showing  the  wife's  average  age  last  birthday  corres- 
ponding to  certain  ages  of  the  husband  had  led  him  to  refer  to  some 
statistics  he  had  prepared  some  years  ago  relating  to  a  very  different 
body  of  lives,  namely,  the  officers  and  men  of  the  London  Fire 
Brigade.  Few  of  those  men  remained  in  the  brigade  after  age  50, 
but  as  the  figures  might  be  interesting  he  would  give  them  for 
comparison  with  those  furnished  by  the  author,  together  with  the 
corresponding  proportions  of  bachelors  to  total  members  at  certain 
ages  : 


Member's 

AOE 

(nearest) 

Wife's  average  Age 

LAST   BiKTHDAY 

Ratio  of  Bachelors 
TO  Total 

Church  of 
Ireland 

London 
Fire  Brigade 

Church  of 
Ireland  (Table  C) 

London 
Fire  Brigade 

27 
32 
37 
42 
47 

307 
333 
37"5 
40-9 

252 
29-2 
33-7 

38-1 
41-8 

•8425 
•5821 
•3530 
•2366 
•1755 

■566 
•227 
•081 
•033 

•022 

When  taking  out  the  figures,  he  had  thought  they  might  throw 
some  light  on  the  results  of  different  economic  conditions,  but  the 
great  differences  between  the  ratios  of  bachelors  might  be  due  in 
part  to  the  desire  for  a  celibate  life  felt  by  some  at  least  of  the 
clergy. 

In  \'iew  of  the  importance  of  having  as  stable  a  basis  as  possible 
for  the  ratios  of  bachelors  to  total  members  at  the  various  ages, 
it  would  be  advantageous  and  would  not  involve  excessive  labour, 
if  the  statistics  of  bachelors  and  other  members  were  taken  out  not 
only  as  on  the  valuation  date,  but  as  on  every  preceding  anniversary 
of  that  date  in  the  inter-valuation  period.  That,  by  giving  a 
smoother  series  of  values,  would  simplify  the  task  of  graduation 
and  at  the  same  time  make  the  final  results  somewhat  more  reliable. 
The  principle  of  combining  the  figures  for  different  years  was 
recognized  by  the  author,  and  he  thought  it  was  a  question  whether 
an  extension  of  the  principle  as  suggested  would  not  have  the 
advantage  of  giving  results  more  up  to  date  and  possibly  more 
useful  because  of  that  fact. 

The  results  of  the  valuations  made  by  the  prospective  and 
collective  methods  respectively  must,  he  supposed,  be  regarded 
as  being  fairly  confirmatory  of  each  other  ;   but  as  they  were  based 
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on  such  widely  different  data,  it  did  not  appear  that  any  definite 
conclusion  could  be  drawn  from  their  agreement  or  disagreement. 

Tables  II  and  IV  giving  the  values  of  annuities  to  the 
widows  and  children  of  members  of  each  age  were  very  useful. 
General  considerations  led  one  to  expect  the  value  of  the  benefit  in 
each  case  to  increase  to  a  maximum  and  afterwards  diminish  ; 
that  expectation  was  confirmed  by  the  tables  which  showed  that 
age  64  was  the  turning  point  in  the  case  of  the  former  benefit  and 
about  41  in  the  case  of  the  latter. 

Passing  now  to  the  general  question  from  which  the  paper 
derived  its  title,  he  understood  that  by  the  "  prospective  "  method 
was  meant  the  method  of  deducing  the  probabilities  of  the  happening 
of  the  various  events  which  on  the  one  hand  led  to  the  payment  of 
the  various  benefits  and  on  the  other  determined  the  period  for  which 
they  were  payable.  Thus  in  connection  with  a  fund  of  the  kind 
now  under  consideration,  one  would  require  to  know  the  probabilities 
of  mariiage,  of  death,  of  having  children,  and  of  becoming  a  widower. 
To  apply  the  method  exactly  one  would  require  to  know  for  each  age 
the  probabilities  of  children  being  born  and  of  their  dying.  That, 
again,  would  depend  on  the  age  of  the  wife  and  the  duration  of  the 
marriage.  All  that  refinement  was  absolutely  impracticable,  and 
so  one  saw  that  there  could  be  no  such  thing  as  a  valuation  by  the 
"  prospective  "  method  in  its  strict  sense.  The  term  "  collective  " 
was  used  to  describe  a  process  by  which  one  obtained  as  far  as  possible 
from  the  statistics  of  living  members  and  their  dependants  the 
required  particulars  of  the  numbers  and  ages  of  the  dependants 
left  by  a  man  dying  at  a  given  age.  But  that  was  only  a  part  of 
the  necessary  procedure.  The  members'  rates  of  mortality  must 
in  any  case  be  ascertained  by  the  "  prospective  "  method,  and  like- 
wise the  probabilities  of  widows  and  children  living  from  year  to 
year,  as  those  were  required  for  the  computation  of  the  annuity- 
values,  and  none  of  those  probabilities  could  be  obtained  otherwise 
than  by  compounding  the  elementary  probabilities  j)x  and  qx  ■  If 
he  was  right  in  that,  it  followed  that  neither  "  prospective  "  nor 
"  collective  "  could  be  regarded  as  completely  descriptive  terms 
inasmuch  as  a  valuation  which  was  wholly  "  prospective  "  was 
impracticable,  and  one  which  was  wholly  "  collective  "  was  impos- 
sible. Apart  from  that,  it  was  perhaps  regrettable  that  the  words 
"  prospective  "  and  "  collective  "  should  have  become  so  firmly 
established  in  actuarial  terminology,  as  neither  of  them  indicated, 
without  previous  explanation,  the  meaning  it  was  intended  to 
convey. 

He  thought  there  was  no  doubt  that  the  author  had  established 
his  case,  which  was  that  the  collective  method  was  superior  in 
practice  ;  in  fact,  its  superiority  to  some  extent  consisted  in  the 
fact  that,  as  a  rule,  it  was  the  only  possible  method.  Nevertheless 
it  was  not  altogether  satisfactory,  because  it  represented  the  result 
of  forces  which  had  operated  very  many  years  ago,  and,  although  in 
one  sense  the  experience  was  up  to  date,  in  another  sense  it  was 
reaUy  more  behindhand   in  some  respects  than  that  used    in  the 
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application  of  the  prospective  method.  For  instance,  the  per- 
centage of  men  aged  70  who  are  married  is  very  largely  the 
outcome  of  the  marriage  rates  for  ages  20  to  40,  and  is  therefore 
from  30  to  50  years  out  of  date.  The  rate  of  marriage  obtained 
by  the  prospective  method  rejDresented  the  mean  of  the  rates 
which  had  operated  during  the  whole  of  the  period  covered  by  the 
investigation  and,  therefore,  if  this  period  is  short  the  rates  may 
be  regarded  as  practically  up  to  date.  He  could  not  help 
thinking  that  rates  so  obtained  would  lead  to  a  better 
forecast  of  the  future  than  that  given  by  the  collective  method. 
The  fundamental  objection  to  the  prospective  method,  however, 
was  that  the  work  of  valuation,  if  done  accurately,  could  not  be 
brought  within  practicable  compass. 

Mr.  W.  penman  said  that  a  few  years  ago  he  had  valued 
a  Fund  similar  to  that  dealt  with  in  the  paper.  The  Fund  in 
question  was  similar  to  the  Irish  Clergpnen's  Fund  in  that 
it  did  not  matter  how  many  times  a  man  had  been  married  ; 
provided  he  left  a  widow,  an  annuity  was  payable  to  her. 
But  it  had  an  additional  complication  in  that  if  there  was 
a  difference  of  ten  years  between  the  husband  and  wife  the 
rate  of  annuity  was  cut  down  to  75  per-cent,  and  if  there  was  a 
difference  of  15  years  the  rate  of  annuity  was  further  cut  down  to 
50  per-cent.  That,  of  course,  if  one  had  attempted  to  use  a  pro- 
spective method  would  have  presented  formidable  difficulties,  but 
by  the  collective  method  it  could  be  dealt  with  quite  simply. 
Essentially  the  problem  was  to  find  the  value  of  a  varying  assurance 
dependent  on  the  husband's  death.  If  the  problem  was  approached 
from  that  point  of  view,  he  thought  that  the  difficulties  in  connection 
with  bachelors,  married  men  and  widowers  re-marrpng,  &c.,  dis- 
appeared. In  fact,  in  some  cases  one  could  go  further  and  add  to 
the  variable  factor,  payable  at  the  death  of  the  husband,  something 
in  the  nature,  approximately,  of  a  constant,  to  provide  for  the 
contingency  of  the  annuity  being  continued  to  the  children.  In 
some  Funds — certainly  in  the  one  with  which  he  had  had  to  deal — 
the  actual  cash  paid  out  in  connection  with  the  children's  benefit 
was  surprisingly  small,  and  in  such  cases  it  seemed  unnecessary  to 
go  into  an  immense  amount  of  detail  over  a  feature  of  the  Fund 
which  was  of  no  financial  importance  ;  in  the  Fund  in  question  he 
had  added  a  half-year's  purchase  to  the  variable  for  the  purpose  of 
providing  for  the  extension  of  the  widows'  annuity  to  the  children. 
There  were  some  differences  between  the  problem  with  which  he 
had  had  to  deal  and  that  of  the  author  ;  but  the  valuation  factors 
brought  out  were  sufficiently  close  to  confirm  both  the  author's 
results  and  his  own.  He  thought  that  the  differences  arose  mainly 
from  the  same  cause  as  the  difference  between  the  author's  two 
valuations,  the  results  of  which  were  given  in  the  paper,  namely, 
the  use  of  a  standard  mortality  table  in  the  one  case  and  a  special 
mortality  table  in  the  other.  In  his  judgment  there  was  a  great  deal 
to  be  said  for  using  a  standard  rather  than  a  special  mortality  table. 

Mr.  J.  BACON  said  he  had  not  had  time  to  study  the  paper  so 
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carefully  as  he  would  have  liked  but  he  desired  to  point  out  that  in 
the  use  of  the  collective  method  there  was  one  point  particularly 
which  should  be  borne  in  mind.  The  functions  deduced  by  that 
method,  as  Mr.  Tinner  had  said,  were  the  result  of  the  operation 
over  many  years  of  a  number  of  forces,  some  of  them  dependent 
upon  the  human  will,  and  not  simj^ly  of  the  force  of  mortality.  It 
followed  that,  to  use  the  method  with  complete  confidence,  the 
whole  past  experience  must  have  been  homogeneous.  If  there 
had  been  any  change  in  econoniic  conditions  or  in  the  conditions 
governing  the  Fund,  then  the  ratios  brought  out  by  the  collective 
method  must  indeed  in  his  opinion  be  used  with  considerable  care 
and  due  allowance  must  be  made  for  any  changes  that  might  have 
resulted  from  past  variations  in  conditions  or  probable  variations 
in  future.  For  that  reason  he  preferred  the  prospective  method, 
especially  as  future  changes  could  be  readily  estimated  and  allowed 
for  by  that  method.  It  must  be  admitted,  of  course,  that  in  some 
cases  the  collective  method  was  the  only  method  available,  but, 
wherever  possible  he  preferred  to  use  the  other.  The  main  benefit 
in  widows'  and  orphans'  Funds  was  usually  the  annuity  to  the  future 
widow  of  a  man  who  was  now  married.  That  was  particularly  the 
case  where  the  Fund  was  not  on  a  compulsory  basis.  Where  the 
Fund  was  a  voluntary  Fund  the  annuity  to  the  youngest  child  of 
the  ^(th  wife  of  a  man  who  was  now  a  bachelor  was  interesting  to 
talk  about  but  of  no  importance  in  fact,  and  the  annuity  to  the  wife 
of  a  man  who  was  a  bachelor  was  of  comparatively  small  importance. 
Nearly  the  whole  liability  was  in  respect  of  annuities  to  the  existing 
wives.  That  did  not  involve,  in  his  opinion,  a  great  deal  of  trouble 
in  valuation.  It  was  not  necessary  to  take  every  combination  of 
ages,  but  he  thought  it  would  be  found  to  be  quite  accurate  enough 
in  practice  to  take  for  each  age  of  the  husband  the  age  of  the  wife 
to  the  nearest  difference  of  5  years,  as  was  done  in  the  usual  tabula- 
tions of  joint  life  functions.  That  involved  the  calculation  of  only 
five  or  six  columns  of  joint  life  and  survivor  annuities,  which  was 
not  a  heavy  task  even  where  the  exjDerience  of  the  Fund  itself  was 
used.  Probably  also  one  was  dealing  with  mortality  drawn  from  the 
experience  of  the  Fund  or  from  a  standard  Table  which  had  been 
found,  by  a  comparison  of  expected  and  actual  deaths,  to  represent 
the  experience  of  the  Fund  fairly  closely,  and  the  data  were  com- 
paratively recent,  whilst  as  regards  the  future  one  was  dealing,  so 
far  as  this,  the  main  benefit,  was  concerned,  with  something  that  was 
not  dependent  on  the  element  of  human  will.  But  when  one  came 
to  use  the  collective  method  one  had  not  only  to  consider  the  actual 
existing  facts  of  the  difference  of  age  between  husband  and  wife, 
but  to  use  functions  which  might  even  result  in  a  man  who  was  now 
married  being  treated  at  some  future  time  as  a  bachelor  unless 
caution  was  exercised  in  the  progression  of  the  rates  of  married 
men,  bachelors  and  widowers.  It  was  quite  well  known  that  there 
had  been  changes  in  the  average  age  at  marriage  and  that  for  some 
time  there  had  been  a  tendency  for  it  to  rise  with  the  result  that  the 
difference  in  the  ages  of  husbands  and  wives  was  increasing.     The 
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ratios  by  the  collective  method  at  advanced  ages  would  depend, 
inter  alia,  on  the  ages  and  rates  of  marriage  of  forty,  fifty,  or  sixty 
years  ago,  and  in  respect  of  young  members  it  would  be  assumed 
that  they  would  still  hold  as  many  years  hence  though  it  was  humanlv 
certain  this  would  not  be  the  case.  He  simply  desired  to  give  that 
as  an  example  of  the  sort  of  thing  which  should  be  looked  out  for 
and  corrected  where  necessary  in  using  the  collective  method.  Of 
course  if  salaries  were  involved  even  greater  caution  was  necessary. 
He  also  thought  that  where  the  collective  method  was  used  it  was 
certainly  preferable  to  use  the  combined  ratios  at,  say,  the  valuation 
date  \vith  those  of  the  previous  five  years,  rather  than  to  go  back 
five,  ten  or  fifteen  years. 

There  was  one  other  point.  It  had  been  put  forward  by  advocates 
of  the  collective  method  as  a  convincing  argument  that  the  valuation 
was  based  on  the  latest  ratios  and  was  always  up  to  date.  He  thought 
that  contention  had  been  disposed  of,  but  he  would  also  like  to  add 
that  if  so  based  it  was  perhaps  a  little  too  much  up  to  date,  the 
functions  varying  with  changes  that  might  be  purely  temporary  or 
due  to  paucity  of  data.  He  suggested  that  even  when  one  adopted 
a  method  of  that  sort  it  was  as  well  to  establish  standard  rates  and 
to  keep  to  those  standard  rates  as  long  as  possible,  until  it  was 
quite  evident  that  they  must  be  departed  from  owing  to  something 
inherent  in  the  statistics  and  not  due  to  merely  temporary  changes. 
He  advocated  that  purely  on  the  practical  ground  that  it  was 
inadvisable  to  change  the  valuation  basis  and  so  produce  verv 
divergent  results  at  succeeding  investigations.  This  served  no 
useful  purpose  but  did  give  people  with  no  technical  knowledge  the 
feeling  that  actuarial  surpluses  or  deficiencies  were  unreal  and  not 
worth  consideration. 

Mr.  a.  D.  BESANT  said,  with  reference  to  the  previous  speaker's 
remarks,  that  in  dealing  with  a  Fund  which  had  not  been  in  exist- 
ence for  many  years  he  thought  it  would  sometimes  be  found  that 
the  collective  method  might  lead  to  mistakes.  He  had  had  an 
opportunity  some  time  ago  of  valuing  a  Bank  Fund  with  a  member- 
ship of  about  2,000.  The  Fund  had  been  valued  five  years  pre- 
viously by  the  late  Mr.  Vyvyan  Marr,  who  was  well-known  as  an 
expert  in  such  matters.  Mr.  Marr  had  valued  the  orphans'  benefits 
by  both  the  prospective  and  the  collective  methods,  and  the  reserve 
required  by  one  method  was  something  like  four  times  that  required 
by  the  other.  That,  he  thought,  was  largely  due  to  the  fact  that 
at  the  time  Mr.  Marr  had  made  his  valuation  the  Fund  had  only  been 
in  existence  some  15  years.  The  number  of  orphan  children  had  been 
quite  small  and  the  proportion  of  bachelors  in  the  Fund  had  been 
abnormally  large.  When  he  (the  speaker)  valued  the  Fund,  he  found 
that  the  position  had  changed  in  a  somewhat  unexpected  manner. 
First  of  all,  owing  to  the  war,  some  200  bachelors  had  been  killed 
and  the  proportion  of  bachelors  on  the  Fund  at  the  present  time 
was  much  smaller  than  would  have  been  expected  under  normal 
conditions.  Curiously  enough,  although  a  certain  number  of 
husbands  had  been  killed  in  the  war,  the  number  of  orphan  children 
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at  the  present  time  was  very  small,  and  was  actually  less  than  it 
had  been  five  years  ago.  One  would  have  expected  that  the  number 
of  orphans  would  have  increased  considerably  in  the  last  five  years. 
He  found  that  by  the  collective  method  he  would  have  to  make 
quite  a  small  reserve.  He  had  hesitated  to  make  a  smaller  reserve 
than  had  been  made  five  years  ago,  and  he  had  followed  Mr.  Marr 
(who  also  had  followed  his  predecessor,  the  late  Mr.  Archibald 
Hewat)  in  making  a  considerably  larger  reserve  than  that  required 
by  the  collective  method.  He  would  ask  the  author  whether  in  his 
own  experience  when  dealing  with  a  comparatively  young  Fund 
he  had  felt  satisfied  that  the  collective  method  formed  a  satisfactory 
basis. 

Mr.  E.  C.  THOMAS,  referring  to  the  point  raised  by  Mr.  Besant, 
said  that  there  seemed  to  him  to  be  a  little  confusion  as  to  the 
difference  between  the  two  methods  under  discussion.  It  was  by 
no  means  necessary,  although  it  v/as  very  useful  and  sometimes 
very  advantageous,  in  employing  the  collective  method,  to  use  the 
facts  derived  from  one's  own  experience.  The  collective  method 
simple  meant  that  one  took  a  certain  number  of  probabilities  and 
combined  them  in  a  very  simple  way  to  produce  a  result  which  it 
would  be  almost  impossible  to  obtain  by  the  prospective  method. 
Those  probabilities  one  could  obtain  from  one's  own  experience,  or 
from  a  standard  table  if  one  thought  the  latter  would  give  better 
results.  To  his  mind  the  greatest  advantage  of  the  method  was  that 
one  could  go  to  one's  own  experience,  and,  even  though  it  might  be 
a  very  limited  and  small  one,  if,  in  considering  all  the  special  cir- 
cumstances of  the  case,  one  could  be  satisfied  that  it  was  by  no  means 
abnormal,  one  could  then  use  the  figures  of  the  Fund  with  complete 
confidence  and  produce  a  result  which  would  bring  out  the  special 
features  of  that  Fund  and  not  merely  the  features  of  some  other 
Fund  which  might  be  entirely  different  from  it. 

He  was  in  some  doubt  as  to  when  the  collective  method  was  first 
used.  Up  to  the  time  when  the  late  Mr.  Manly's  monumental  paper 
on  Widows'  Funds  was  read,  he  thought  he  was  right  in  sapng  that 
Mr.  Huie's  and  Mr.  Hewat's  methods  and  tables  held  the  field. 
Mr.  Manly's  own  paper  had  been  based  upon  a  combined  marriage 
and  mortality  table,  and  there  was  no  hint,  as  far  as  he  could 
remember,  in  the  discussion  which  followed,  of  any  easier  methods. 
In  the  discussion  Mr.  Manly's  paper  had  been  described  as  embodpng 
the  collective  method,  but,  whatever  else  it  had  been,  it  certainly 
had  not  been  the  method  of  the  present  paper.  The  idea  of  using 
collective  methods  for  national  and  other  investigations  had  been  in 
the  air  for  many  years  ;  but  he  thought  the  germ  of  the  idea  under- 
lying the  present  paper  was  contained  in  Mr.  King's  paper  on  Family 
Annuities.  The  idea  of  going  to  the  statistics  of  the  living  instead 
of  the  dead  had  been  first  suggested,  at  least  to  himself,  by  Mr. 
AUin's  paper.  He  had  happened  at  the  time  to  have  been  grapphng 
with  a  problem  similar  to  the  one  now  under  discussion,  involving 
the  question  of  salary  combined  with  widows'  and  orphans'  benefits 
in  such  a  way  that  it  had  been  almost  impossible  to  tackle  it  by  the 
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old  methods.  Mr.  Allin's  paper  had  been  put  into  his  hands  with  a 
view  to  his  opening  the  discussion  on  it,  and  he  therefore  had  had  to 
study  that  paper  rather  carefully.  By  the  light  of  Mr.  Allin's 
suggestions  he  had  been  enabled  to  solve  his  own  difficulties.  Mr. 
King,  to  whom  he  had  shown  his  own  solution,  had  thought  suffi- 
ciently well  of  it  to  suggest  that  he  should  prepare  a  short  note  for 
publication  in  the  Journal.  While  he  had  been  preparing  that 
note,  Mr.  Ackland,  who  was  then  Editor  of  the  Journal,  had  written 
to  him  enclosing  a  paper  by  Mr.  Oscar  Schjoll,  and  suggesting 
that  he  should  prepare  a  suitable  abridgment  of  it  for  publication 
in  the  Journal.  AVhen  he  had  read  that  paper  he  had  found  it  was 
an  exhaustive  description  of  that  very  method  at  which  actuaries 
in  this  country  had  only  just  arrived.  Mr.  Ackland  had  explained 
that  Mr.  Schj oil's  paper  had  been  in  possession  of  the  Institute  for 
many  years,  but  that,  owing  to  an  extraordinary  combination  of 
circumstances,  it  had  been  put  aside  and,  if  not  actually  forgotten, 
at  least  overlooked.  The  result  had  been  that  the  abridgment  of 
Mr.  Schj  oil's  paper  and  his  own  note  had  been  published  side  by 
side  in  the  same  number  of  the  Journal.  It  thus  appeared  that, 
while  British  actuaries  had  been  groping  towards  what  might  now 
be  considered  the  obvious  method  of  dealing  with  the  question, 
that  very  method  had  been  in  use  many  years  before  by  Mr.  Schjoll, 
and  a  full  description  of  it  had  been  in  the  hands  of  the  Institute  all 
the  time.  Of  course  nobody  had  mastered  the  contents  of  the 
paper,  and  those  who  had  made  contributions  on  the  subject  in  the 
meanwhile  had  been  absolutely  ignorant  of  its  existence.  He 
thought  that  the  method  had  come  to  stay.  In  his  opinion  it  would 
very  often,  if  not  usually,  give  more  dependable  results,  and  the 
gain  in  simplicity,  ease  and  labour-saving  was  beyond  all  question. 
Mr.  S.  J.  H.  W.  ALLIN,  in  closing  the  discussion,  said  the  most 
interesting  portion  of  the  paper  to  him  was  that  relating  to  the 
statistics  of  the  Fund  with  which  the  author  had  dealt.  New  data 
were  always  valuable,  not  only  as  such,  but  also  for  the  lessons 
which  they  taught  when  compared  vnth.  statistics  obtained  from 
similar  Funds.  There  appeared  to  be  some  special  features  in  the 
statistics  which  the  author  had  given,  as  compared  with  those  of  a 
Fund  which  he  (the  speaker)  had  been  connected  with  for  many 
years  as  actuary,  a  Fund  very  much  on  the  same  lines  as  the  author's, 
namely,  the  "  Church  of  England  Presbyterian  Ministers'  Widows 
and  Orphans  Fund."  No  comparison  could  be  made  in  respect  of 
mortality  as  the  author  had  given  practically  no  information  on  that 
point.  The  other  main  functions  which  had  to  be  dealt  with  in  the 
valuation  of  these  Funds  were  the  proportion  of  married  men  to 
the  total,  the  relative  ages  of  husbands  and  wives,  and  the  size  of 
families.  The  proportions  of  married  men  in  the  Church  of  Ireland 
Fund  were  extremely  low  compared  with  those  in  the  Presbj'terian 
Ministers'  Fund.  For  example,  under  age  30  the  author  found 
7  per-cent  married  as  against  the  Presbyterian  Fund's  40  per-cent  ; 
at  ages  31  to  40,  57  per-cent  as  against  79  per-cent ;  at  ages  41  to 
50,  78  per-cent  as  against  86  per-cent ;  at  ages  51  to  60,  81  per-cent 
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as  against  85  per-cent ;  at  ages  61  and  over,  75  per-cent  as  against 
85  per-cent.  These  seemed  very  large  differences,  but  he  did  not 
think  they  were  altogether  surprising,  and  there  appeared  to  be  a 
satisfactory  explanation  which  would  also  account  for  the  divergence 
from  the  figures  obtained  from  the  Firemen's  Fund  to  which  Mr. 
Tinner  had  referred.  A  large  number  of  the  clergymen  of  the  Church 
of  Ireland  Fund  were  probably  curates  and  their  salaries  were  so 
small  that  they  did  not  permit  of  their  getting  married.  In  the 
Presbyterian  Ministers'  Fund  he  believed  there  were  practically  no 
assistant  clergy  and  every  minister  got  a  salary  upon  which  he  was 
able  to  marry.  The  position  was  probably  very  much  the  same  in 
the  case  of  the  Firemen's  Fund,  where  a  man  on  reaching  maturity 
got  a  full  working  wage,  on  which,  in  his  position,  he  could  marry. 
He  thought  that  probably  was  the  explanation.  With  regard  to 
the  ages  of  wives,  from  age  45  to  age  50  the  wives  of  Presb}'terian 
ministers  seemed  to  be  a  little  older,  but  generally  the  figures  of  the 
two  Funds  were  in  very  close  agreement.  With  regard  to  the  size 
of  family,  however,  there  was  considerable  difference.  In  the 
Presbyterian  Ministers'  Fund  the  orphans  received  pensions  up  to 
age  18  only.  Allowing  for  this,  he  found  that  the  average  number  of 
children  per  married  man  or  widower  was  1-5  in  the  Church  of 
Ireland,  whereas  in  the  Presbyterian  Ministers'  Fund  it  was  20 
per-cent  lower,  namely,  1-2.  He  could  not  put  forward  any  ex- 
planation for  that  very  low  figure,  but  he  might  mention  that  he 
had  found  a  continual  decrease  in  the  average  number  of  children 
from  year  to  year  since  1902,  when  he  had  first  examined  the  Fund. 
Such  differences  in  Funds  which  were  apparently  similar  showed, 
he  thought,  that  past  experience  spread  over  a  number  of  years 
was  not  rehable  and  that  one  must  go  to  the  Fund  itself.  He  thought 
Mr.  Thomas  had  really  put  the  matter  in  a  nutshell  :  although  the 
data  of  the  Fund  should  be  employed  by  use  of  the  collective  method 
it  should  not  necessarily  be  used  without  adjustment.  It  should 
be  adjusted  if  it  was  considered  that  the  present  facts  would  not  be 
reproduced  in  the  future.  He  thought  it  was  distinctly  preferable 
to  use  the  material  obtained  from  the  living  members  of  the  Fund 
rather  than  to  go  back  to  experience  which  was  many  years  old. 
It  was  true  that  by  using  the  present  data  one  was  involving  forces 
which  had  come  into  play  many  years  ago,  but  surely  any  error 
was  accentuated  if  one  used  tables  which  were  constructed  many 
years  ago,  like  Mr.  Hewat's.  Of  course,  if  the  Fund  were  large 
enough  to  obtain  rates  of  marriage  and  issue  based  on  the  experience 
of  the  last  few  years,  it  would  be  the  most  satisfactory  course  to 
employ  such  data,  but  in  the  bulk  of  the  cases  the  data  were  too 
limited. 

A  comparison  of  the  author's  valuations  by  the  prospective 
method  and  by  the  collective  method  seemed  to  him  of  very  little 
value,  since  there  was  only  one  factor  in  common,  namely,  the  rate 
of  interest.  The  results  were  obscured  by  the  different  tables  of 
mortality  which  had  been  used.  The  difference  in  the  value  of  the 
contributions  was  entirely  due  to  the  rate  of  mortality,  whilst  as 
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regards  the  value  of  the  widows'  benefits  there  were  three  factors 
coming  into  play.  First  there  was  the  mortality  of  the  husbands. 
The  rates  used  by  the  author  for  the  collective  valuation  were  very 
much  lower  than  those  employed  for  the  reversionary  valuation. 
Secondly,  the  probabilities  of  being  a  married  man  were  also  less, 
and  thirdly,  the  value  of  the  annuity  to  the  widow  on  the  death 
of  the  husband  was  based  on  a  mortality  which  was  very  much 
lighter  in  the  case  of  the  collective  valuation.  Surely  for  a  proper 
comparison  the  rates  of  mortality  employed  should  have  been  the 
same  for  both  methods.  Then  the  effect  of  employing  marriage 
rates  obtained  by  Hewat's  tables  on  the  one  hand  and  the  probability 
of  being  married  obtained  from  the  experience  of  the  Fund  itself 
could  have  been  seen.  With  regard  to  the  rate  of  mortality  which  the 
author  had  used,  he  did  not  understand  why  the  author  had  employed 
King's  Elementary  Teachers'  Table.  That  table  was  a  hybrid  one 
and  had  been  formed  for  a  special  purpose,  and  he  could  see  no 
reason  why  it  should  be  expected  to  reproduce  the  mortality  of  the 
clergy  ;  nor  in  fact  did  it,  according  to  what  the  author  himself 
had  stated.  The  Clergy  Mutual  Table,  adjusted  for  increased 
longe\'ity  since  the  date  of  that  experience,  would  probably  have 
fitted  the  facts  very  much  better,  but,  even  assuming  that,  for  the 
purpose  of  strengthening  the  valuation  because  of  the  small  size  of 
the  Fund  and  possible  fluctuations,  the  author  had  considered  it 
well  to  employ  a  mortality  table  showing  rather  heavy  rates,  he 
(the  speaker)  would  have  thought  that  a  table  like  Hewat's,  which 
was  based  on  the  mortality  of  the  clergy,  would  have  been  much 
more  suitable.  He  considered  it  was  very  important,  especially 
in  the  case  of  widows'  Funds,  to  see  that  the  incidence  of  mortality 
was  correct.  In  such  Funds  the  sum  at  risk  varied  with  the  age 
passed  through,  and  the  incidence  of  the  mortality  was  surely  a 
point  that  could  not  be  overlooked.  He  had  compared  the  rates 
of  mortality  by  the  Elementary  Teachers'  Table  and  Hewat's,  and 
the  results  were  very  curious.  From  age  22  to  31,  King's  mortality 
was  lower  ;  from  32  to  45,  Hewat's  mortality  was  lower  ;  from  46 
to  60,  King's  was  lov/er  ;  and  again  froin  61  to  70  Hewat's  was 
lower. 

He  wished  that  the  author  had  dealt  with  some  of  the  special 
problems  which  arose  out  of  the  Fund.  For  example,  there  was  an 
increase  of  pensions  to  orphans  after  the  death  of  their  mother. 
The  author  suggested  adding  a  percentage  margin.  On  what  basis 
was  that  margin  to  be  fixed  ?  It  would  have  been  very  interesting 
if  the  author  had  dealt  with  this  problem  scientifically.  The  value 
of  the  orphans'  annuity  consisted  of  two  parts :  the  term  annuity 
and  an  additional  temporary  deferred  annuity  commencing  after 
the  death  of  the  mother.  The  value  of  that  annuity  depended 
upon  the  age  of  the  mother,  and  he  thought  some  very  interesting 
facts  might  have  been  brought  out  on  further  investigation  as  to 
the  relative  ages  of  mothers  and  children.  The  problem  of  the 
widows'  annuity  ceasing  on  re-marriage  had  also  not  been  dealt  with. 
Re-marriage  rates  at  the  present  time  were  of  very  great  importaince, 
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and  if  the  author  had  been  able  to  give  any  information  on  the 
subject  it  would  have  added  to  the  store  of  information. 

In  conclusion,  he  must  take  exception  to  the  author's  statement 
that  an  approximation  he  had  made  in  the  valuation  was  in  the 
direction  of  safety — "  a  direction  always  very  popular  with  the 
actuarial  mind."  In  his  view  an  actuarial  calculation  should  be 
exact :  that  is,  as  exact  as  it  could  be  made.  Of  course  margins 
were  sometimes  necessary  to  cover  possible  or  even  probable 
fluctuations,  but  he  did  not  think  actuaries  ought  to  make  a  calcula- 
tion which  included  an  unnecessary  loading  and  call  it  an  actuarial 
calculation.  In  many  cases  an  actuarial  calculation  had  to  deter- 
mine definite  liability  as  between  two  parties,  and  in  such  cases 
serious  injustice  might  be  done  if  any  loading  were  added.  It 
seemed  advisable  to  emphasize  the  fact  that  an  actuarial  calculation 
was  an  exact  calculation  as  far  as  the  probabilities  allowed  actuaries 
to  make  it  so. 

The  PKESIDENT,  in  moving  a  vote  of  thanks  to  the  author, 
said  that  any  actuary  who  valued  his  own  reputation  and  that  of 
the  Institute  must  approach  the  problems  arising  out  of  widows' 
and  similar  Funds  with  extreme  caution,  on  account  of  the  paucity 
of  the  data  usually  available  in  connection  with  sixch  Funds,  a 
paucity  which  created  doubt  not  only  as  to  the  value  of  the  figures 
derived  from  the  experience  under  immediate  consideration,  but 
also  as  to  the  value  of  any  comparisons  which  might  be  made  with 
other  results  derived  from  similar  limited  material.  Caution  was 
also  necessary  on  account  of  the  changes  that  took  place  in  the 
conditions — economic  or  financial — under  which  such  Funds  were 
conducted — changes  to  which  Mr.  Bacon  had  referred.  Changes 
of  that  kind  might  come  very  suddenly  and  seriously  impair  a  Fund 
in  the  interval  between  two  valuations.  Other  changes  had  also  to 
to  be  taken  into  account,  or  at  any  rate  their  possibility,  namely, 
changes  coming  from  pressure  of  the  members  interested  in  the 
Fund,  pressure  which  it  was  often  very  difficult  to  resist  success- 
fully, because,  as  he  had  pointed  out  on  another  occasion,  the 
constitutions  of  Funds  were  often  of  a  very  democratic  nature, 
and  allowed  the  possibility  of  damaging  alterations  in  the  rules. 

Dr.  HOWELL,  in  reply,  said,  with  reference  to  Mr.  Tinner's 
remarks,  that  by  using  the  Carlisle  Joint  Life  Annuity  Tables  and 
rating  down  the  wives'  ages  by  three  years,  prospective  annuities 
to  existing  wives  could  be  valued  with  great  celerity.  That,  he 
thought,  was  the  only  merit  possessed  by  a  prospective  valuation 
so  made.  As  regards  the  method  of  finding  the  average  value  of 
an  annuity  to  the  widow  of  a  husband  dying  at  age  x,  he  had  referred 
in  the  paper  to  the  fact  that  the  unweighted  ages  which  he  had 
obtained  agreed  very  closely  with  those  which  Mr.  Marr  had  got 
out  on  the  weighted  plan.  Mr.  Tinner  took  exception  to  the  method 
of  dealing  with  the  members  regardless  of  whether  they  were  bachelors, 
married  men  or  widowers.  The  method  might  not  be  correct,  but 
Mr.  Tinner's  alternative  method  of  assuming  that  every  man  upon 
the  Fund  was  a  married  man  or  a  widower,  and  then  correcting  that 
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assumption  by  making  deductions  on  account  of  bachelors,  seemed 
to  him  much  more  open  to  criticism.  Mr.  Tinner  also  had  submitted 
certain  figures  relating  to  the  London  Fire  Brigade  and  had  compared 
them  with  the  corresponding  figures  for  Church  of  Ireland  clergymen. 
The  cases  were  entirely  difierent.  A  Church  of  Ireland  clergyman 
belonged  to  the  professional  class  and  was  generally  a  university 
man  ;  he  started  on  a  small  salary  and  it  took  him  a  long  time 
to  progress  beyond  it.  Eventually  he  might  settle  down  as  a 
married  man.  The  fireman  was  able  to  marry  much  earlier  and 
had  not  to  keep  up  an  appearance.  He  thought  that  explained 
the  difference. 

He  gathered  that  Mr.  Bacon  was  a  strong  advocate  of  the 
prospective  method.  In  theory  it  might  be  possible  to  justify  the 
claim  of  the  prospective  method  ;  but  to  urge  objections  against 
the  collective  method  and  to  omit  any  reference  to  the  far  larger 
assumptions  which  it  was  necessary  to  make  under  the  jirospective 
method  seemed  unfair. 

With  reference  to  Mr.  Besant's  remarks  he  thought  that  even  in 
the  case  of  a  young  Fund,  it  was  right  to  use  the  collective  method. 
One  found  certain  proportions  of  married  men,  bachelors,  and 
widowers,  and  he  thought  one  ought  to  proceed  uponthe  assumption, 
until  it  was  disproved,  that  those  proportions  were  likely  to  prevail. 
Much  had  been  said  about  the  care  that  should  be  taken  to  deal 
with  changing  factors  in  the  social  state,  but  he  would  like  to  know 
what  form  that  precaution  should  take,  and  whether  it  could  be 
expressed  in  a  formula..  He  had  little  doubt  in  his  own  mind  that 
it  should  take  the  form  of  holding  back  a  substantial  portion  of  the 
.surplus. 

Mr.  Thomas  had  really  replied  to  the  whole  discussion.  He  was 
glad  to  find  that  Mr.  Thomas  was  in  favour  of  using  the  exj)erience 
of  the  living.  The  only  doubt  in  his  (the  author's)  mind  had  been 
as  to  how  far  this  was  legitimate.  It  was  an  extraordinary  thing 
that  until  Mr.  Allin  had  had  the  courage  to  publish  a  paper  based 
upon  living  experience  there  had  been  no  pronouncement  on  the 
subject.  He  hoped  the  Institute  now  officially  recognized  the 
legitimacy  of  the  method. 

In  conclusion,  he  expressed  disappointment  that  his  reference 
to  Mr.  Lidstone's  ingenious  plan  of  deducing  marriage  rates  from 
a  collective  experience  had  not  brought  out  any  contribution  to 
that  very  interesting  subject. 


The  following  letter  with  reference  to  Dr.  Howell's  paper 
appeared  in  the  Insurance  Record  of  2  January  1920  : 

To  the  Editor  of  the  Insurance  Uecord. 

Sir, — I  should  have  liked  very  much  to  have  been  present  at 
the  reading  of  Islr.  Howell's  paper  at  the  Institute  of  Actuaries  and 
to  have  taken  part  in  the  discussion,  but,  unfortunately,  from  the 
position  in  which  I  was  placed,  1  found  that  impossible.     Perhaps 
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you  will  allow  me  now  to  give  in  few  words  what  I  should  probably 
have  said  had  I  been  able  to  attend. 

In  the  first  place,  I  should  like  to  thank  Mr.  Howell  for  all  the 
kind  references  to  myself  which  he  made  in  his  paper,  and  to  corro- 
borate his  statements  that  I  co-operated  with  him  in  the  valuations 
of  the  Church  of  Ireland  Widows'  and  Orphans'  Fund  and  entirely 
concurred  in  the  principles  and  methods  which  he  adopted,  and 
that  I  also  endorsed  the  results  which  were  brought  out  and  his 
recommendations  thereon. 

It  may  be  well  to  place  on  record  the  origin  of  my  paper  on 
"  Family  Annuities."  Some  of  the  speakers  seem  to  have  thought 
that  it  was  the  result  of  a  roving  scientific  enquiry  without  any 
definite  object  having  been  in  view.  That,  however,  is  not  the  case. 
About  the  year  1890  the  late  Right  Hon.  Joseph  Chamberlain,  M.P., 
and  the  late  Dr.  AV.  A.  Hunter,  M.P.  for  Aberdeen,  were  collaborating 
on  the  question  of  National  Pension  and  other  Funds,  and  were 
going  into  it  very  thoroughly.  I  had  the  privilege  of  knowing 
Dr.  Hunter  very  well,  and  we  had  many  meetings  at  which  the  matter 
was  discussed,  and  he  asked  me  to  make  a  report  to  Mr.  Chamberlain 
and  himself  in  which  I  was  to  try  to  estimate  the  cost  of  the  schemes 
which  they  had  in  their  minds.  I  took  up  the  matter  very  gladly, 
and  after  reporting  to  these  gentlemen  I  thought  that  a  paper 
might  be  submitted  to  the  Institute  of  Actuaries  which  would  be 
interesting  and  useful.  Hence  my  paper  on  "  Family  Annuities  ", 
read  before  the  Institute  in  December  1892,  and  it  is  a  great  satis- 
faction to  me  to  find  it  referred  to  again  after  all  these  years.  The 
method  was  devised  for  the  purpose  of  estimating  the  cost  of  the 
various  benefits  which  Messrs.  Chamberlain  and  Hunter  hoped  to 
provide  by  legislation  for  the  industrial  population  of  the  country, 
and  it  was  applied  practically  accordingly.  I  have  not  been  able 
to  find  a  copy  of  my  report,  but  the  tables  in  the  paper  were,  I  think, 
included  in  it,  and  were  certainly  some  of  those  used  in  my  enquiry. 
So  far  as  I  know,  this  was  the  first  occasion  on  which  the  method 
now  known  as  the  Collective  Method  was  employed.  It  may  be 
remarked  that  this  collective  method  is  not  the  same,  and  has  not 
quite  the  same  objects,  as  the  method  devised  by  the  late  Mr.  R.  P. 
Hardy.  This  becomes  apparent  Avhen  his  writings  on  the  subject 
are  studied,  and  need  not  be  elaborated  here. 

A  curious  event  happened  in  1908,  when  the  Royal  Commission 
on  the  Poor  Laws  and  Relief  of  Distress  was  sitting.  The  Com- 
mission applied  to  three  actuaries  to  report  to  them  on  the  cost  of 
various  schemes  which  were  being  investigated.  The  actuaries 
were  the  late  Mr.  T.  G.  Ackland,  Mr.  F.  G.  P.  Neison  and  myself, 
and  none  of  us  knew  that  the  others  had  been  consulted  until  our 
reports  came  out  in  print  in  the  volume  published  by  the  Commission. 
These  reports  were  therefore  absolutely  independent,  and  those 
who  care  to  look  into  them  will  see  the  different  lines  the  actuaries 
took.  As  a  matter  of  fact,  although  Mr.  Ackland's  report  and  mine 
difier  considerably  in  many  respects,  yet  there  is  a  great  similarity. 
The  benefits  which  we  had  to  investigate  were  sickness  and  invalidity 
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in  respect  of  males  ;  illness,  maternity  and  burial  in  respect  of 
wives  ;  illness  and  burial  of  children  ;  and  what  have  been  called 
"  family  annuities  "  to  widows  and  children  ;  and,  lastly,  unemploy- 
ment. I  myself  followed  wherever  practicable  the  collective  method, 
and  I  obtained  statistics  from  many  sources.  These  reports  seem 
to  be  very  little  known,  and,  so  far  as  I  am  aware,  nothing  has  been 
heard  of  them  since.  I  still  possess  a  few  copies  of  a  reprint  of  all 
the  three  reports  in  one  pamphlet,  and,  should  anyone  care  to  see 
them,  I  shall  be  happy,  so  far  as  my  stock  goes,  to  supply  a  copy  to 
anyone  to  whom  they  may  be  useful. 

The  principal  statistics  required  are  those  relating  to  the  relative 
ages  of  husbands  and  wives,  and  to  the  number,  sexes  and  ages  of 
the  children  of  fathers,  and  these  statistics  are  very  difficult  to  find. 
As  to  the  relative  ages,  there  are  tables  given,  based  upon  the  Census 
of  1901,  which  supply  the  information  as  at  that  date,  but  un- 
fortunately these  have  been  omitted  from  the  published  documents 
of  the  1911  Census.  I  tried  to  get  them  when  I  was  preparing  my 
first  report  on  that  Census  to  the  Eegistrar-General,  but  they  were 
not  available. 

Then,  in  this  country,  we  have  no  public  statistics  whatever  of 
the  kind  required  as  to  children,  although  some  actuaries  have 
private  information  relating  to  particular  funds.  It  would  be  well 
if  the  forms  which  will  soon  have  to  be  settled  for  the  Census  of 
1921  should  include  questions  as  to  the  number,  ages  and  sexes  of 
the  living  children  of  fathers  who  are  enumerated.  This  might  cause 
a  good  deal  of  additional  work  and  might  be  difficult  to  adopt,  but, 
nevertheless,  it  is  very  important.  In  New  Zealand  the  information 
is  collected  on  the  death  certificates  of  males,  but  so  far  I  do  not 
think  it  is  asked  for  at  the  Censuses.  If  we  cannot  get  it,  therefore, 
in  the  British  Census,  the  Eegistrar-General  might  be  urged  to  have 
it  supplied  when  deaths  are  registered. 

It  is  earnestly  to  be  hoped  also  that  at  the  Census  of  1921 
particulars  as  to  the  relative  ages  of  husbands  and  wives  should  be 
included  in  the  tables  that  will  be  published. 

I  have  always  advocated  that,  as  far  as  possible,  the  statistics 
of  the  fund  itself  should  be  employed  in  the  valuations,  but  here  it 
is  necessary  to  emphasize  the  words,  "  as  far  as  possible."  In 
.starting  funds  it  is  seldom  that  full  particulars  can  be  obtained,  and 
in  any  case  many  years  must  elapse  in  the  history  of  a  fund  before 
a  sufficient  mass  accumulates,  and  the  actuary  must  fall  back  upon 
such  statistics  as  he  can  find  relating  to  lives  of  a  similar  class  to 
those  included  in  the  fund  he  has  in  hand.  It  is  here  that  sound 
judgment  and  experience  on  the  part  of  the  actuary  are  essential. 

I  am,  Sir, 

Your  obedient  Servant, 

GEORGE   KING. 

15,  Walhrooh,  London,  JE.C. 
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A  New  Method  of  Vahiing  Policies  in  Groups.  By  H  L. 
Tkachtenberg,  B.A.,  A. I. A.,  Actuarial  Assistant  in  the 
Statistical  Department  of  the  Medical  Research  Committee. 

[Submitted  to  the  Institute,  2  Febiuaiy  1920.] 
I. — DEsciiiPiiox  OF  Method. 

JLhE  underlying  idea  of  this  paper  is  the  valuation  of  the  sum 

assured  (S)  in  groups  of  t  years  by  multiplying  the  total  sum 

t-i 

by  a  tabulated  fuuction  a  and  S       Vi  ^•^  ^y  a  tabulated  /3. 

A  similar  arrangement  can  be  adopted  for  premiums,  &c.  The 
method  may  be  exemplified  by  the  following  valuation  of  a 
group  of  10  years  of  age  : 


Age 

S 

X 

Sx 

£ 

57 

192,702 

4-5 

867,159 

56 

180,881) 

3-5 

633,112    i 

55 

206,42:5 

25 

516,058    1 

54 

129,708 

ir> 

194,562 

53 
52 

147,563 
126,722 

O-.j 

• 

-0-5 

73,782 

1 
2  +  2,28^,673 

63,361 

51 

134,623 

-1-5 

201,935 

50 

114,779 

-2-5 

286,948 

4y 

115,3  kS 

-3 -.J 

403,718 

48 

165,6S6 

-4-5 

745,587 

1 

2-1,701,549    i 

1 

'  Totals 

],514.413 

+  583,124 

i 

In  this  case  SS  =  1,514,443  and  ^\_tJ  S^= +583,124.    The 

values  of  a  and  /3  for  the  age  group  48-57  are  -58804  and 
•01056  so  that  the  value  of  the  group 

=  1,514,443  X -58804+ 583,124  X -010513 
=  896,711, 
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showing  a  deviation  from   the  true  value  £896,755  of  £44  or 
less  than  '1  per  mille. 

We  may  now  consider  the  forms  taken  by  a  and  /3.  Let 
f{x)  be  the  quantity  to  be  valued,  i.e.,  sum  assured,  premium, 
reversionary  bonus,  &c.,  and  iij.  the  function  by  which  the 
valuation   is    made,    i.e.,    A,    a,    &c.     Also    let    'E(t)    stand 


for  2l.     Then  we   require   to   express  'EU)  f{x)u^  in  the  form 

al{t)f(,v)+^t{t)xf{a:) (I) 

This  mav  be  done  bv  takins" 

sr  tf.,.— 1  (^-1?/.,. 

4 

The  result  is  the  reproduction  of  the  true  value  as  far  as  second 

differences  of  Uj,  in  cases  where /(a")  is  linear. 

For  if  Uq  is  the  value  of  u  for  the  central  age  of  the  group, 

and  cfo  aiid  h,,  are  the  first  and  second  central  differences  of  Uo, 

h  a-^ 
then  as  far  as  second  differences  u^i.  =  iio+  a^^e-] — ^  . 

Applying  this  formula  to  each  value  of  u  in  oc  and  /3  and 
summing  : 

a.=  [n-    i_i  +  If    ,_3 +...+  »    j^+Ui+ .  .  .-\-u,_.^  +  u,_-i'\-^t 
—  "o  T ^.yT~  f>o 


2  2 


=  ««• 

Thus  the  formula 


=  {n,-\-  -^~  b^{%{t)f[.v))+a,t{t)xf{x). 

But   [cf.  G.  J.  Lidstone,  J. LA.,  vol.  xlv,  p.  485)  the  true  value 
'E(t)f{x)tij.  as  far  as  second  differences 
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since  t/;  has  the  value  shown  above,  and  the  coefficient  of   ^y 

t^—l  .    " 

reduces,  when  /(x)  is  linear,  to  — r?)-  •      (Compare  A.  E.  King, 

J.I.A.,  vol.  xlviii,  pp.  12]  et  seq.  and  H.  E.  Melville's  remarks 
in  discussion).  This  expression  is  identical  with  that  given 
by  the  formula  (I). 

It  has  been  assumed  above  that  t  is  even.  When  t  is  odd 
forms  of  a  and  ^  which  likewise  cause  (I)  to  reproduce  the 
true  value  as  far  as  second  differences  of  w^  if  fi^^)  ^^  linear, 
are  :  ,_^ 

1  •*•  t  —  \ 


A.  E.  King,  in  his  method  of  approximation  described 
in  the  paper  just  mentioned,  used  the  valuation  factor 

as  an  approximation  to 

Uw  +  f  -^ g"  ~ '^  ) ~2~ ' 

and  in   the    discussion    H.  E.  Melville    pointed    out    that    if 
the  sum  assured  was  linear  the  error  was  — q-. 

A.  E.  King's  method  has  the  advantage  of  a  single 
multiplication  ;    mine  requires  no  interpolation. 

As  has  been  seen  the  method  has  been  established  quite 
generally  for  a  group  of  any  size.  It  could  therefore  be  used 
to  value  the  whole  of  the  particulars  in  a  single  group.     This 
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would,  liowever,  require  more  Avork  at  tlie  time  of  the  valuation 
than  would  be  necessary  if  groups  of  10  were  employed.  For 
then  the  ingenious  system  of  card  and  class-book  entries 
proposed  by  A.  E.  King  for  use  in  connection  with  his  own 
method  could  be  used  for  the  same  purpose  of  preparing  the 
particulars  for  raluation  as  far  as  possible  prior  to  the  date  of 
valuation.  These  entries  are  the  same  for  my  method  as 
for  his. 

It  will  be  noticed  from  formulce  (I)  and  (II)  that  both 
/S  and  the  2  by  which  it  is  multiplied  may  be  either  positive 
or  negative.  Now  since  /3  depends  only  on  the  valuation 
factor  its  sign  is  always  known  in  advance.  The  sign  of  the 
S  depends  on  the  actual  sums  assured  (or  other  quantity  to  be 
valued)  in  the  particular  group  being  valued. 

II. — The  Consteuction  of  the  Tables. 

Tables  of  the  two  quantities  a  and  ^  are  easily  constructed. 
For  instance,  taking  the  case  of  the  sums  assured  by  whole- 
life  assurances  we  have  only  to   deal  Avith  A^.  and  work   out 

S  Aa,.-=-10  for  a  and  -"  — ^y_  ^-^  —  for  /B.     Obviously  the  easiest 

-4-5  -3 

way  to  form  such  a  table  is  to  sum  in  fives  throughout. 

It  has  been  seen  that  as  far  as  second  differences  for  any 
group,  /3  is  independent  of  t,  the  size  of  the  group,  because  it 
is  equal  to  the  first  central  difference  of  the  central  term  {cio). 
Thus  ui,—  ii_i,  the  value  of  /3  for  the  simplest  case  of  ^  =  2 
could  theoretically  be  taken  for  the  value  of  3  for  groups 
of  10.  It  is,  however,  preferable  to  use  the  full  expression 
for  ^=10  since  irregularities  in  two  values  would  be  magnified 
by  the  larger  multipliers  in  a  group  of  ten  terms.  For  a 
similar  reason  I  have  not  worked  on  differences  in  constructing 
the  tables. 

Like  those  of  A.  E.  King  my  tables  are  based  on  0^  3  per- 
cent and  supply  the  functions  a  and  /3  corresponding  to  the 
detailed  valuation  factors  Aj.,  a.r,  lO^Dj^  and  rtji-Ti^:^  • 

The  tables  shown  below  are  abridged  forms  of  the  full 
tables  which  are  deposited  for  reference.  The  values  of 
a  and  yS  for  every  tenth  decennial  group  and  for  one  maturity 
aofe  60  are  shoAvn  : 
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For  grarips  of  10  years. 
O^^  3  per-reiit. 


Age 
Group 

.r-ar  +  y 

A:. 

a 

+  <3 

10-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
80-89 
90-99 

•27688 
•34052 
•41720 
•50693 
•60925 
•71615 
■81338 
•88812 
•93560 

•00565 
•00705 
•00829 
•00967 
•01069 
•01049 
•00878 
•00611 
•00345 

For  r/roiijjs  of  10  years. 
( )^^  3  per-cenl. 


Age 

ax 

Group 
x-x-^'J 

a 

-& 

10-19 

23  -827 

•194 

20-29 

21 ^642  • 

•242 

30-39 

19  -009 

•285 

40-49 

15  -929 

•332 

50-59 

12  416 

•367 

60-69 

8^746 

•360 

70-79 

5-407 

-301 

80-89 

2^841 

•210 

90-99 

1211 

•118 

For  groups  of  10  years. 
0^'  3  per-cent. 


Age 

ig^d;' 

Group 

a;  — a-  +  9 

a 

+  ^ 

15-24 

1-851 

•062 

25-34 

2-610 

•092 

35-44 

3  -773 

•145 

45-54 

5-693 

-250 

55-64 

9  -426 

•537       ! 

For  groups  of  10  years. 
O^  3  per-cenf. 


Un- 

expired 

«iiO-»+l 

:  u 

Term 
Group 

1 

»  — M  +  y 

a         ,  Diff. ; 

+  n 

Diff. 

0-9 

3^878  '    15 

•810 

4    i 

10-19 

10-654  ;  57 

•566 

3 

20-29 

15-587  1  83 

•428 

2 

30-39 

19-390      94 

•336 

III. — Incomplete  Grocps. 

If  the  method  be  applied  to  decennial  groups  based  on 
special  class  books  as  suggested  by  A.  E.  King  there  will  be 
incomplete  groups  at  the  beginning  and  end  of  the  particulars 
for  valuation,  and  it  is  well  to  formulate  a  rule  to  be  followed 
in  these  cases.  As  the  expressions  for  a  and  /3  were  obtained 
for  any  value  of  t  no  further  algebraic  investigation  is  required, 
but  it  will  be  useful  to  see  how  tables  worked  out  for  decennial 
groups  can  be  used  for  smaller  groups. 


Since 


ar- 
ts f 


/■--I  , 


^f  is  the  same  whatever  the  value  of  t  as  long  as  the  group 
has  the  same  central  age  and  is  therefore  obtained  by  taking 
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4:} 


the  /3  from   tlie  tables  for  that   decennial   group   having   the 
same  central  age. 

For  CiCt  the  procedure  is  to  take  the  value  of  aio  in  the 
Tables  for  the  group  having  the  same  central  age  as  the 
gToup  t,  and  use  the  expressions  shown  in  the  following  table 
where  h  is  the  mean  of  the  two  values  in  the  detailed  table  on 
each  side  of  the  central  value  of  the  group. 


/ 

at 

2 

h 

4 

«I.l-    y(«JO-/') 

G 

2/                 JN 

8 

3 

"'"""  8^"^""''''* 

No  values  are  shown  for  incomplete  groups  of  t  where  t  is  odd, 
as  it  may  be  assumed  that  there  is  another  term  at  the  free 
end  of  the  incomplete  group  with  zero  against  it,  and  the 
group  is  then  dealt  with  as  an  even  group. 

Alternatively  of  course  rxt  can  be  easily  calculated  directly 
from  the  formula  for  group  t. 

IV. — Conversion  Tables. 

As  regards  the  use  of  conversion  tables  for  obtaining  the 
a  and  /3  for  an  A  factor  from  the  a  and  fi  for  the  corresponding- 
a  factor,  just  as  A.  E.  King  enters  the  conversion  tables  in 
exactly  the  same  way  as  Avould  be  done  for  the  ordinary  factor 
of  the  detailed  valuation,  so,  in  applying  my  method  the  a  for 
the  Assurance  (A)  factor  is  obtained  by  entering  the  conversion 
table  with  the  a  for  the  Premium  (a)  factor.  The  /3  for  the 
A  factor,  however,  cannot  be  obtained  from  that  for  the  a 
factor  by  using  the  ordinary  conversion  table. 

Since,  however,  /3  for  the  Assurance  factor 

_    —  fZfa^.s  +  O-A.-^  +  «o..5  +  ttl-.i  +  O.S  —  0_.s  —  «_1.5 Ct_  2.5 a_3.5 tt-A-h} 

~  25" 

=  —dx  (/3  for  the  annuity  factor), 

the  one  function  can  be  obtaiiied  from  the  other  by  a  single 
multiplication. 
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Y. — A  Valuation  by  thl  Method. 

In  order  to  test  the  results  of  the  application  of  the  method 
to  an  actual  valuation,  consider  the  case  of  a  valuation  on 
ol  December  1919,  of  an  office  Avhose  whole-life  assurance 
business  has  a  constitution  at  that  date  represented  by 
Mr.  George  King's  model  office  Xo.  1  of  50  years  of  age, 
and  an  endowment  assurance  business  represented  by 
Dr.  Buchanan's  model  office  of  35  years  of  age. 

For  the  Avhole-life  office  I  constructed  the  sums  assured, 
compound  reversionax-y  bonus  of  30s.  per-cent  (Buchanan's 
formula,  J.I. A.,  vol.  xxxix,  p.  257)  and  premiums,  for  each 
attained  age. 

It  will  be  observed  that  there  is  a  jump  at  every  fifth  age, 
26,  31,  36  .  .  .  This  is  due  to  the  assumption  made  in  the  model 
office  that  the  entries  occur  at  central  ages  (20,  25  .  .  .  65),  and 
not  at  each  integral  age. 

This  makes  the  material  rougher  since  two  jumps  occur  in 
each  decennial  group  valued.  The  test  is  therefore  more 
severe  than  would  otherwise  have  been  the  case. 

In  the  case  of  the  endowment  assurances  I  constructed 
the  sums  assured  for  each  unexpired  term,  but  had  then  to 
insert  the  premiums  by  assuming  that  for  the  unexpired  term 
in  each  quinquennial  group  for  which  the  totals  were  published, 
they  were  proportional  to  the  corresponding  sums  assured. 
The  minor  differences  from  the  true  results  produced  by  this 
assumption  could  not  interfere  with  the  test,  for  the  same 
figures  were  used  for  making  the  detailed  valuation  for 
comparison. =*= 

The  maturity  ages  are  determined  b}-  Mr.  King's  methods. 
These  are  (1)  when  the  Z  method  is  used  obtain  an  average  Z 
for  the  group  by  dividing  the  total  Z  by  the  total  sum  assured ; 
(2)  use  Mr.  Elderton's  single  maturity  age  throughout.  I 
have  folloAved  the  first  because  the  Z  method  was  used  by 

*  Buchanan's  first  gronp  refers  to  unexpired  terms  \-i,  and  by  applying  the 
proportion  of  premiums  to  sums  assured  for  this  group  to  the  sums  assured  for 
unexpired  term  zero  I  obtained  the  premiums  for  unexpired  term  zero.  He 
omitted  these,  presumably  because  their  valuation  factor  is  zero,  none  being  due 
after  the  date  of  valuation,  tliough  the  sums  assured  are  payable  the  instant  after. 
1  have  included  them  as  they  form  no  exception  to  the  application  of  my  method. 
They  happen  to  form  a  group  by  themselves  and  their  value  comes  to  —1  instead 
of  zero.  It  is  a  type  of  error  that  can  never  exceed  2  in  magnitude,  being  due  to 
settmg  down  the  a  multiplier  for  premiums  to  the  first  place  of  decimals  and  the 
two  ])roducts  whose  sum  gives  the  value  to  the  nearest  integer.  (For  sums 
assured  the  a  multiplier  is  set  down  to  the  nearest  integer.  For  both  sums  assured 
and  premiums  the  ^  multiplier  is  set  down  to  the  nearest  integer.) 
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Buchanan.*  Jumps  are  likewise  noticeable  in  the  numbers 
for  certain  unexpired  terms  in  the  model  office  for  endowment 
assurances. 

Tables  showing  the  particulars  and  result  of  the  valuation 
are  annexed,  and  it  will  be  observed  from  Tables  V  and  Yl 
that  the  method  now  suggested  gives  results  that  approxiTiiate 
closely  to  those  of  a  detailed  valuation. 

Table  I. 

Model  Office  No.  1  for  Whole-Life  Assurances  (.50  years). 

Particulars  foi-  each  age  attained  at  date  of  Valuation. 


Age 

Sums 

Reversion- 

1 
Net 

Age 

Sums 

Reversion- 

Net 

taiued 

Assured 

ary 
Bonuses 

Premiums 

at- 
tamei 

Assured 

ary 
Bonuses 

Premiums 

21 

8,364 

109  -2 

59 

53,810 

15,871 

1312-3 

22 

7,3.30 

95 

7 

60 

51,828 

16,227 

1261 

9 

23 

6,633 

86 

6 

61 

52,293 

16,632 

1355 

1 

24 

6,064 

79 

O 

^ 

62 

50,087 

16,951 

1292 

0 

25 

5,644 

... 

73 

7 

63 

47,864 

17,175 

1229 

7 

26 

27,233 

80 

403 

4 

64 

45,739 

17,326 

1172 

1 

27 

25,030 

153 

370 

^ 

65 

43,608 

17,383 

1115 

1 

28 

23,357 

214 

345 

6  i 

66 

42,536 

17,440 

1138 

8 

29 

22,108 

274 

327 

0  : 

67 

40,378 

17,444 

1076 

6 

30 

21,084 

330 

311 

7 

68 

38,141 

17,315 

1013 

2 

31 

46,195 

626 

763 

9 

69 

35,948 

17,098 

952 

4 

32 

43,622 

900 

720 

2  , 

70 

33,774 

16,797 

892 

5 

33 

41,437 

1,147 

683 

6 

71 

30,314 

15,224 

816 

9 

34 

39,772 

1,388 

655 

5  \ 

72 

28,269 

14,862 

759 

8 

35 

38,315 

1,616 

631 

1 

73 

26,164 

14,389 

699 

7  1 

36 

59,869. 

2,149 

1092 

7 

74 

24,051 

13,794 

641 

6  ] 

37 

57,192 

2,653 

1041 

1  ; 

75 

21,900 

13,076 

582 

9 

38 

54,852 

3,116 

997 

1  1 

76 

16,783 

9,483 

479 

5 

39 

52,879 

3,556 

960 

0 

77 

14,943 

8,796 

426 

8 

40 

51,262 

3,979 

929 

9  1 

78 

13,163 

8,055 

376 

0 

41 

66,857 

4,684 

1333 

5  i 

79 

11,459 

7,273 

327 

8 

42 

64,353 

5,350 

1279 

6 

80 

9,870 

6,489 

282 

8 

43 

61,988 

5,966 

1229 

8 

81 

6,398 

3,835 

205 

1 

44 

60,116 

6,559 

1190 

9 

82 

5,369 

3,340 

172 

6 

45 

58,409 

7,118 

1155 

9 

83 

4,445 

2,867 

143 

2 

46 

68,554 

7,898 

1481 

3  1 

84 

3,609 

2,409 

116 

7 

47 

66,175 

8,623 

1425 

2  i 

85 

2,874 

1,982 

93 

3 

48 

63,938 

9,311 

1372 

9  ' 

86 

1,618 

1,007 

60 

1 

49 

62,002 

9,960 

1328 

5  \ 

87 

1,255 

809 

46 

8 

50 

60,159 

10,565 

1286 

8  1 

88 

956 

636 

35 

9 

51 

66,156 

11,325 

1536 

7  ' 

89 

718 

493 

27 

1 

52 

63,923 

12,030 

1479 

0 

90 

535 

380 

20 

2 

53 

61,710 

12,674 

1422 

7 

91 

262 

167 

11 

4 

54 

59,757 

13,270 

1374 

6 

92 

184 

123 

8 

0 

55 

57,822 

13,795 

1327 

9 

93 

118 

81 

5 

1 

56 

60,272 

14,417 

1484 

4 

94 

67 

48 

2 

9 

57 

58,014 

14,974 

1422 

1 

95 

29 

21 

1 

3 

58 

55,812 

15,453 

1363  -3  1 

96 

6 

4 

0-3 

*  1  rf constructed  tlie  Z's  fiom  maturity  agesdeiived  from  the  puMished 
valuation  ages.  Tliose  for  uiex]  ired  ttrms  U  and  1  were  not  given,  but  1  took 
for  these  the  maturity  age  58  for  une.xpired  terms  '1  and  3. 
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TAIiLE   II. 

Model  Office  for  Endoinnent  A.'tsurances  (35  years). 
I'urtiadars  far  each  unexpired  term  at  date  oj  Valuation. 


Un. 

Sums 

Xet 

i 

Un- 
expired 
Term 

Sums 

Net 

Z 

Term 

Assured 

Premiums 

Assured 

Premiums 

0 

132,947 

5.292  -9 

167,513 

20 

103,958 

2,918-7 

136,185 

1 

130.427 

5,431 

o 

171,898 

21 

106.834 

2,999  -5 

139,953 

2 

139,707 

5,562 

1 

176,031 

22 

110,350 

3,098  -2 

144,559 

:i 

143,000 

5,693 

4 

180,188 

23 

114,833 

3,224  0 

150,431 

4 

140,790 

5,844 

0 

186,423 

24 

121,264 

3,404  -6 

157,643 

5 

152,803 

6,021 

3 

194,136 

25 

61,424 

1,486  -7 

86,239 

(J 

156,818 

0,177 

1 

200,727   ! 

26 

63,467 

1,536  1 

89,108 

/ 

160,698 

0,320 

9 

205.693 

27 

66,108 

1,600  1 

92,088 

8 

164,563 

6,482 

2 

210,641    1 

28 

69,604 

1,684  -7 

96,958 

9 

168,583 

6,640 

5 

215,786 

29 

74,926 

1,813  -5 

103,548 

10 

109,540 

6.528 

5 

218,707 

30 

22,109 

457-4 

34,291 

11 

173,539 

6,682 

5 

223,865 

31 

22,973 

475-3 

35,631 

12 

177,780 

6,845 

8 

229,336 

32 

24,118 

499-0 

37,407 

13 

182,382 

7,023 

0 

235,273 

33 

25,674 

531-1 

39,820 

U 

187,843 

7,233 

3 

242,317 

34 

28,144 

582-2 

43,342 

15 

156,473 

5,329 

9 

203,415 

35 

4,630 

82-6 

7,820 

10 

160,520 

5,467 

7 

208.676 

36 

4,847 

86-5 

8,187 

17 

165,212 

5,627 

6 

214,776 

37 

5,140 

91-7 

8,681 

18 

170,956 

5,823 

2 

222,243 

38 

5,554 

99-1 

9,381 

19 

178,716 

6,087  -5 

232,331 

39 

6,237 

111-2 

10,453 

Table  III. 
Summary  of  Particulars.         JVJiole-Life  Assurances. 


Years 

of 
Birth 

A^-e 
Groups 

Sums  Assured 

Rever.siokaby  Bo.nusks 

Net  Pp 

EMIUMS 

a-multiplier 

/3-multiplier 

o-mulliplier 

^-multiplier 

a-multiplier 

/Smultiplier 

182a-29 

90-96 

1,201 

-      2.770 

824 

-   1,907 

49-2 

-    109 

1830-39 

80-89 

37,112 

-    75.124 

23,867 

-47,509 

1,183-6 

-2,194 

1840-49 

70-79 

220,820 

-  208,908 

121,749 

-90,832 

6.003  -5 

-5,276 

1850-59 

00-69 

448,422 

-  154,322 

170,991 

7,969 

11.606-9 

-3.293 

1860-69 

50-59 

597,435 

-    82,671 

134,374 

48,562 

14,009  -8 

—    565 

1870-79 

40-49 

623,654 

51.664 

69.448 

54,469 

12,727  -5 

2,656 

1880-89 

30-39 

455,217 

234,222 

17.481 

29,232 

7,856  -9 

5,137 

1890-98 

21-29 

131,763 

226,902 

721 

322 

1,890-8 

3,458 

... 

2,515,624 

539,4.55 

55,328 
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Tahlk  TV. 
Summary  of  Farticulars.         Endowment  Assurances. 


Years 

Average 

Maturity 

Ages 

Unexpireil 

Term 

Groups 

Sums  Assitbed 

Xet  Premiums               | 

Maturity 

a-multiplier 

/S-multiplier 

a-multiplier 

^-multiplier 

1919 

1920-29 

1930-39 

1940-49 

1950-58 

58-0 
.-)8  -1 
58-4 
58-9 
60-9 

0 

1-10 

11-20 

21-30 

31-39 

132,947* 

1.538.995 

1,657,379 

810,919 

127,317 

-   66,474 
326,806 
-370,327 
-700,032 
-250,660 

5292  -gf 
60,710  -5 
59,039  -2 
21.304  -8 

2,558  -7 

-  2,647 
11,490 

-24,930 
-22,467 

-  5,310 

... 

... 

4,267,557 

148,906 

*  Payable  tbe  instant  after  valuation. 

t  None  due  after  the  valuation,  but  the  total  is  taken  straight  from  tbe  class 
book,  like  that  for  any  other  group,  and  provides  no  exception  to  the  application 
of  the  method.     See  jiote  (*)  page  44. 


Table  V. 

Valuation  of  IVhole-Life  Assurances.     0^^  3  per-cent. 
a,  fS  Method. 


Years 
of 

Sums  Assured 

REFEBSroSARY 

Bonuses 

Xet  Pr 

emiums 

Pekcentagk  Deviatiox 
is  Value  of 

Birili 

Value 

Deviation 

Value 

Deviation 

Value 
128 

Deviation 

S.A. 

R.B. 

X.P. 

NetL. 
•06 

1823-29 

1,110 

-    1 

761 

•09 

1830-39 

32,501 

+   7 

20,907 

+  5 

5,007 

-    6 

•02 

•12 

•04 

1840-49 

177,777 

-t-   2 

98,230 

-3 

40,052 

-   4 

•01 

1850-59 

319,518 

-  3 

122,539 

_2 

114,306 

+    8 

•01 

1860-69 

363,103 

-    2 

82,386 

_2 

188,162 

+    5 

1870-79 

316,649 

+  12 

35,732 

214,582 

—   7 

•01 

1880-89 

191,859 

+  12 

7,535 

-1 

155,745 

-  9 

•01 

•01 

•01 

•05 

1890-98 

46,468 
1,448,985 

-    1 

263 

41,974 

+   2 

— 

■06 

j 

Totals  ... 

+  26 

368,353 

-3 

759,956 

-11 

Total  net  liability 
Deviation 


...     1.057,385 


+  34 
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Table  YI. 

Valuation  of  Endoivmenf  Assurances.     0^^  3  per-cent. 
a,  (3  Method. 


Years 

of 
Maturity 

Sums  Assured 

Net  Premiums 

Pkrcfntage  Deviation 
IN  Value  of 

Value 

Deviation 

Value              Deviation 

S.A. 

X.P.     ' 

NetL. 

1919 

1920-29 

1930-39 

1940-49 

1950-58 

132.947 
1,315,885 
1,108,341 

433,388 

55,854 

-"30 
+  198 

-  12 

-  9 

i 

-1  -  1 
301,077  -  95 
664,906  -257 
338,807          -  50 

49,219          +     2 

•02 
•02 

* 

•03 
•04 
•01 

•01 
•10 

•iV 

Totals  ... 

3,046,415 

+  147 

1,354,008           -401 

•03 

•03 

Total  net  liability     ... 
Deviation 
*  See  note  (*)  page  44. 

...     1,692,407 
+  548 

Some  further  suggestions  on  the  subject  of  Approximate 
Valuations.  By  Alfred  Henry,  F.I.A.,  of  the  Government 
Actuary's  Department. 

[Submitted  to  the  Institute,  2  February  1920.] 

J. HE  present  Note  deals  with  a  modification  of  the  method 
described  in  vol.  li,  pp.  118-126. 

The  method  suggested  in  the  original  Note  necessitated 
the  finding  of  the  values  of  the  first,  second  and  third 
continuous  summations  of  the  data  to  be  valued.  These 
summations  in  some  cases  were  laborious,  and  the  object  of 
the  present  contribution  is  to  demonstrate  how  the  arithmetical 
work  can  be  curtailed  without  material  loss  of  accuracy, 
firstly,  by  reducing  the  number  of  continuous  summations, 
and  secondl}^  by  summing  in  quinary  groups  instead  of  by 
individual  terms. 

The  theoretical  basis  of  the  origmal  method  was  that  the 
valuation  factor  could  be  represented  throughout  by  an 
expression    of    the    form    a  +  hx  +  cx'^   and    in    practice    this 
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assumption  was  found  to  apply  with  considerable  accuracy  to 
a  variety  of  factors.  Further  investigation  shows  that  results 
of  almost  equal  accuracy  can  be  obtained  by  splitting  the  data 
into  two  (or,  in  exceptional  cases,  three)  parts  and  applying 
to  each  of  these  parts  an  expression  of  the  form  a  +  hx.  For 
example,  in  the  case  of  whole-life  assurances  the  data  are 
valued  in  two  groups,  one  group  consisting  of  ages  up  to  54 
and  the  other  for  ages  55  and  over  ;  separate  expressions  are 
then  calculated  for  the  valuation  factors  in  each  group. 
Having  expressed  our  valuation  factor  in  the  form  a  +  hx,  we 
require  to  know  for  our  calculations  only  the  values  of  the  first 
and  second  sum  of  the  data  in  each  of  the  two  groups  of  ages. 

If  the  summations  are  made  by  individual  ages,  the  errors 
involved  arise  solely  from  the  differences  between  the  true 
valuation  factor  and  the  value  of  the  factor  as  derived  from 
the  assumed  expression  a  +  bx.  If,  however,  the  summations 
are  made  in  quinary  groups,  two  further  errors  are  introduced  : 

(a)  The  theoretical  error  involved  by  substituting  the  value 
of  the  factor  at  the  central  age  of  the  group  for  the 
average  value  of  the  factor  over  the  group. 

{h)  The  errors  arising  from  unequal  distribution  of  the 
data,  over  the  group  and  the  consequfut  failure  to 
secure  a  balance  of  error  when  the  total  of  the  group  is 
valued  by  the  factor  for  the  central  age  of  the  group. 

In  practice  these  two  errors  are  not  to  be  distinguished, 
but  they  are  different  in  principle ;  the  error  under  (a)  is 
present,  whatever  the  distribution  of  the  data,  that  under  (h) 
depends  solely  upon  the  facts  which  are  the  subject  of 
valuation. 

The  former  error  can  be  corrected  in  the  following  way. 
In  the  original  Note  it  was  pointed  out  that  the  best  method 
of  obtaining  the  values  of  the  constants  a  and  b  in  the 
expression  a  +  hx,  was  by  means  of  weighted  equations  for  all 
ages  which  were  subsequently  combined  in  groups.  If  now, 
in  any  quinary  group,  ranging  from  age  <t  —  2  to  age  ir  +  2, 
the  respective  weights  are  iCj.,2,  u-j._i,  ....  ^i'j:+2,  and  the 
valuation  factors  are  Fa--2,  Fa-_i  ....  F.i.+2j  the  following 
equation  results  : 

W^.2V.v-2+i'-a:_i  .  F.,_i  +  .   .   .    +t(x  +  2"Fx4-2 

=  (it'^._2  +  ii'x- 1  +  ■  •  .  +  w.r+2)  («•  +  hx) 
since,  in  using  the  summations  of  quinary  groups,  we  assume 
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the  total  weight  to  he  concentrated  at  the  central  aye  of  the 
group.  By  using  weighted  equations  of  this  chai-actcr,  tlie 
theoretical  error  under  [a)  above,  is  eliminated. 

In  order  to  Und  the  values  of  a  and  h,  two  equations  unly 
are  necessary,  and  therefore  the  weighted  equations  in  respect 
of  each  quinary  group  must  be  suitably  combined  in  two 
groups  of  ages  so  as  to  form  the  final  equation  from  which 
the  values  of  a  and  b  are  calculated.  Thus  for  whole-life 
assurances,  in  order  to  find  the  constants  up  to  age  54,  the 
groups  of  ages  20  to  39  and  40  to  54  were  selected ;  for 
subsequent  ages  the  constants  were  found  from  the  grou])s 
55  to  69  and  70  to  89. 

The  above  system  of  weighting  the  values  for  individual 
ages  is  sliglitly  more  laborious  than  dealing  with  Aveighted 
values  for  age  groups,  but  it  gives  greater  accuracy  in  the  final 
results.  Where,  however,  the  data  to  be  valued  commence 
and  end  with  zero  values,  the  theoretical  error  already  referred 
to,  tends  to  correct  itself  over  the  whole  range  of  values,  and 
weighted  values  for  quinary  groups  only  may  be  used.  In  a 
case  such  as  endowment  assurances  grouped  according  to 
unexpired  term,  where  the  initial  amounts  of  sums  assured,  &c., 
are  not  zero,  the  error  introduced  by  dealing  with  quinary 
o-r(^ups  in  place  of  individual  ages  might  be  important. 

Raving  obtained  values  of  a  and  b,  the  next  point  for 
consideration  is  the  manner  in  which  these  values  are  to  be 
adapted  to  meet  the  valuation  by  quinary  groups.  If  the 
origin  be  taken  at  the  lowest  age  of  the  initial  group,  and  if 
XJ],U2,  U3,  ...  be  the  totals  of  the  sums  assured  (or  Avhatever 
other  data  are  being  valued)  then  the  total  value  required,  on 
the  assumption  that  the  amounts  Uj,  &c.,  are  concentrated 
at  the  central  age  of  the  group  is  : 

U,{a+2b)+\jo{a  +  1b)+V.{a+12h)+  .  .  . 

=  (a-3M(U,  +  U.  +  U.+  .  .  .)+5Z»(Ui  +  2U.,  +  3U,+  .  .  .) 

=  (a-36)SU,  +  5&S2U, 

Avhere  SUi  and  —-Ui  represent  respectively  the  first  and  second 
sums  of  the  quinary  groups  from  the  bottom  upwards. 

The  following  examples  are  based  upon  the  same  data  as 
Avere  used  in  the  original  note  in  v^ol.  li.  A  comparison  is  thus 
afforded  of  the  relative  accuracy  of  the  two  methods.  The 
data    are    given    in    the  appendix  in   quinary    groups.     The 
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first  example  is  worked  in  detail,  so  as  to  indicate  the  small 
amount  of  clerical  labour  involved. 

Example  1. — Office  A.  Whole-life.  Vv'ith  Profits.  Valuation 
of  sums  assured  and  bonuses.     0^^  o  pei--cent. 

The  origin  is  taken  at  age  15  for  ages  15  to  54  and  at 
age  55  for  higher  ages.  Any  policies  existing  at  ages 
under  15  must  be  included  in  the  first  age  group,  and 
summation  made  up  to  and  including  that  group. 


Age 
Group 

Sums 
Assured 

and" 
Bonuses 

Sum 
from  bottom     , 
upwards         i 

15-19 

22 

1],514  =  2 

20-24 

162 

11,492 

1     25-29 

624 

ll,3;iO 

'     30-34 

1.305 

10,706 

35-39 

2,022 

9.401 

40-44 

2,328 

7,379 

4.=>-49 

2,398 

5,051 

50-54 

2,653 

2,653 

69,526  =  2- 

55—59 

2,363 

7.070  =  2 

60-64 

1,683 

4,707 

65-69 

1,755 

3,024 

70-74 

733 

1.269 

75-79 

294 

5.3G 

8C-84. 

159 

242 

85-89 

57 

83 

,     90-94 

17 

26 

!     95- 

9 

9           ' 

16,966  =  2= 

a-:5^=:-217252 
.-)/>  = -0449525 

(a-;3&)^  =  2,501-4 
5/>:£2^  3,134-4 

Total,  Ages  15-54    ..  5,635*8 


a -3&  = -590640 
5/>=:^ -0491891 

(a-36)S  =  4,175-8 
5/.S2=    834-5 


Total,  Ages  55  &  over  5,010-3 

Add  for  Ages  15-54, 

as  above        5,635"8 


Total,  all  Ages... 
True  Value 


10,646-1 


10,640 


Example  2. — Office  A.  Whole-life.   With  Profits.  Valuation 
of  tabular  premiums.     O"*^  3  per-cent. 

The  limited  pa\nnent  premiums  are  valued  separately. 

Premiums  pnyahle  throughout  life. 
Ages  15-54. 

a  -  Sh  =  26-37456  oh  =  - 1-54338 

^  =  254-3  i:-=  1572-9 

{a-Sb)t=     6,707-05 
5//^:^= -2,427-53 


Total  for  Ages  15-54  =      4,279-47 
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Ages  55  and  over. 

a-36=13-55482  5/>=- 1-68884 

2  =  208-5  2"^=  500-9 

{a-Sh}t=     2,826-18 
oh^^=-    845-94 

Total  for  Ages  55  &  over  =      1 ,980-24 
Add    „     „       „     15-54       =     4/279-47 
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Total  for  all  Ages     =      6^9^71 

Limited  payment  Premiums. 
Unexpired  terms  1-15. 


a-3Z>=--41835 

5&  =  3-43005 

2  =  50-8 

2-^=104-7 

{a-Zh)t  = 

-   21-25 

ohT-  = 

359-13 

Total  for  terms  1-15   = 

337-88 

Unexpired  terms  16  and  over. 

a -3/,=  10-71142 

56  =  2-03275 

2  =  15-8 

2^^=20-8 

(a-3/.)2 

=  169-24 

5^.2-^ 

=   42--I8 

Total  for  terms  16  and  over 

=  211-72 

,',       >,       „      l-lo 

=  337-88 

rri^i.    1   -C.^ 11   4-^^-,^^r. 

—  ^AQr>(^ 

Add     total       for       premiums 

payable  throughout   life...    6,259-71 

6,809-31      True  value  =  6,802 

Example  3. — Office  B.  Endowment  Assurances.  With 
Profits.   Valuation  of  sums  assured  and  bonuses.    U^^  3  per-cent. 

The  policies  are  grouped  according  to  year  of  maturity, 
the  valuation  date  being  31  December.  The  unexpired  term 
is  defined  as  "  Year  of  maturity — Year  of  valuation." 
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IjBexpirecl  terms  1-15. 

(a-36)  =  1016270  5?.= --1014552 

2  =  7609  S-= 18235 

(ci-36)S=     7,732-8 
b(fE'=  - 1,850-0 

Total  for  terms  1-1 5  =      5,882'8 

Unexpired  terms  16  and  over. 

(a-3fe)  = -688749  5/j  = --0612515 

S  =  15532  ^2  3^  33711 

(a-3&)S=   10,697-7 
5feS2= -2,064-9 


Total  for  terms  1 6  &  over  =     8,632  S 
Add  „     „       „     1-15...     =     5,882  8 

Total  for  all  terms    =    14,515-6      True  value  =  14,499 

Ex.\MPLE  4. — Office   B.      Endowment   Assurances.      With 
Profits.     Valuation  of  tabular  premiums.     0^^  3  per-cent. 

Unexpired  terms  1-15. 

(a-36)= -1-057587  56  =  3-4826 

:£  =  366-5  :£-^  =  860-2 

{a-Sh)%=-   387-6 
Dht-=     2,995-7 

Total  for  terms  1-15=      2,608-1 

Unexpired  terms  16  and  over. 

(a-36)  =  10-18614  5/^  =  2-10313 

S  =  560-2  :£-^=  1116-3 

{a-Sh)l=    5,706-3 
5feS^=   2,347-7 

Total  for  terms  16  &  over=   8,054-0 
Add    „     „       „      l-]5  ...      =    2,608-1 


Total  for  all  terms      =  10,662-1      True  value  =  10,677 
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ExAMPLK  5. — Office  C.  A  aluatioii  nl'  annuities  on  female 
lives.     O'^"''^  3  par-cent. 

Owing'  to  the  special  formation  of  the  curve  of  annuities  it 
is  desirable  to  deal  with  the  data  in  three  sections,  namely, 
ages  under  50,  50-79,  and  80  and  over.  The  origin  is  taken 
at  age  25,  and  therefore  any  annuities  in  respect  of  ages 
below  25  should  be  included  in  the  age  group  25-29. 

Ages  jander  50. 

a -3/.  =  23-25486  bh=  -  1-288874 

2  =  1239  52=5268 

(a-36)S=     28,812-8 
5//^-=-   6,783  3 

Total  for  Ages  under  50  =      22,029-5 
Ages  50-79. 

a-8/;=  17-29 145  56=  -1-809912 

1=10670  S-  =  44375 

{a-'\h)t=     184,531-8 
o/.I-=-   80,314-9 


Total  for  Ages  50-79  =      104,216-9 

Ages  80  and  over. 

a -36  =  6- 18746  56= -1  132853 

1=1199  1^=1477 

(a -36)1=     7,418-8 
561^=- 1,673-2 

Total  for  Ages  80  &  over=      5,745-6 

Add  „     „       „     50-79        =104,216-9 

„     „     „       „     under  50  =   22,029-5 


Total  for  all  Ages     =  131,992-0    True  value  =  130,946 

N.B. — Two-thirds  of  the  error  arises  from  one  large  contract. 

The   above    examples    show   that,   given   the  appropriate 
constants  for  anj'^  mortality  table,  a  check  valuation  can  be 
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made  with  very  little  labour  and  will  give  results  in  close 
agreement  Avitli  tlie  actual  facts.  The  method  has  the 
advantages  that  it  is  independent  of  individual  values  of  the 
valuation  factors,  that  it  differs  entirely  in  its  processes  from 
those  of  the  valuation  itself,  and  that  therefore  errors  of 
calculation  and  transcription  will  not  be  perpetuated. 

Seeing  that  it  gives  effect  to  the  actual  distribution  of  the 
business  of  anv  office,  it  has  obvious  advantages  as  compared 
with  the  use  of  a  model  office  in  the  estimation  of  liabilities 
under  different  valuation  bases.  Different  constants  can  be 
applied  to  one  set  of  summations  of  the  valuation  data,  and 
the  results  for  different  bases  can  be  obtained  very  rapidly. 
Since  the  errors  in  the  method  arise  largely  from  irregularities 
in  the  data,  it  follows  that  the  differences  between  the  values 
on  different  bases  will  be  very  accurate,  since  the  effect  of 
such  irregularities  is  included  in  both  valuations  and 
consequently  disa^Dpears  when  the  differences  are  taken. 

On  a  net  premium  valuation,  however,  a  difficulty  arises 
from  the  fact  that  a  change  in  valuation  basis  involves  a 
change  in  the  net  premiums.  Inspection  sIioavs,  however, 
that  the  differences  between  the  net  premiums  on  different 
bases  change  very  slowly  from  age  to  age ;  it  is  therefore 
permissible  to  take  the  average  rate  of  net  premium  for  any 
quinary  group,  and  thus  obtain  an  average  entry  age,  for 
which  the  new  net  pi-emium  can  be  found.  This  method 
.should  yield  good  results,  since  at  the  youngest  valuation 
ages  where  the  value  of  premiums  is  greatest^  the  possible 
range  of  entry  ages  is  small,  whereas  at  the  older  ages  where 
the  possible  range  of  entry  ages  is  larger,  the  value  of  net 
jDremiums  is  smaller. 

Offire  A. 


Age 

Sums  Assured 

Tabular 

Age 

Sums  Assured 

Tabular 

Group 

and  Bonuses 

Premiums 

Group 

and  Bonuses 

Premiums 

15-19 

22 

•4 

60-64 

1,683 

520 

20-24 

162 

2-7 

1     65-69 

1,755 

61-7 

2o-2y 

624 

11-5 

;     7C-74 

733 

21-4 

30-34 

],30> 

26-1 

75-79 

294 

7-4 

3.5-31) 

2,U22 

42-4 

80-84- 

159 

2-9 

40-44 

2,328 

50-8 

85-89 

57 

•7 

45-40 

2,398 

51-8 

'     90-94 

17 

•3 

50-54 

2.6>3 

68-6 

95-99 

9 

•3 

55—59 

2,363 

61-8 

j 
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Unpxpired 
Term 

Tabular 
Premiums 

Unexpired 
Term 

Tabular 
Premiums 

Uuexpired 
Term 

Tabular 
Premiums 

1-5 

6-10 

11-15 

14-0 
19-7 
17-1 

16-20 
21-25 
26-30 

]2'2 
2-4 
1-0 

31-35 

1 

■2 

Office  B. 

u* 

Sums  Assured 
aud  Bouuses 

Tabular 
Premiums 

n* 

Sams  Assured 
and  Bonuses 

Tabular 
Premiums 

1-5 

6-10 

11-15 

16-20 

21-25 

1,091       i 

2,410 

4,108 

5,521 

4,625 

60-2 
118-9 
187-4 
236-0 
165-4 

26-30 
31-35 
36-40    ■ 
41-45 
46-50 

3,268 

1,5-10 

500 

70 

8 

101-9 

42-7 

12-4 

1-6 

-2 

*  «  =  Year  of  maturity — Year  of  valuation.     Valuation  date  is  31  Dec-ember. 


Office  C. 


Age 

Amount  of 

Age 

Amount  of 

Age 

1 
Amount  of 

Group 

Annuity 

Group 

Annuity      i 

Group 

Annuity      ! 

2-5-29 

27 

1     50-54 

754       ' 

75-79 

3,412 

30-34 

11 

i      55-59 

1,544 

80-84 

921 

35-39 

89 

■     60-61. 

1,651 

85-89 

278 

40-44 

613 

!     65-69 

],437 

... 

45-49 

499 

1     70-74 

i 

1,872 

' 

Abstract  of  the  Discussiox. 

Mr.  R.  E.  underwood,  referring  first  to  Mr.  Henry's  method, 
said  that  if  the  required  constants  were  not  already  available, 
or  if  it  should  be  thought  desirable  to  use  constants  calculated  from 
similar  data  to  those  being  valued,  the  previous  year's  detailed 
valuation  provided  a  very  ready  basis  for  the  purpose.  It  had  to 
be  borne  in  mind,  however,  that  the  constants  were  produced  by 
using  the  valuation  data  as  weights,  and  were  not  therefore  theoreti- 
cally applicable  to  any  set  of  data.  He  thought  that  some  limitation 
must  be  placed  on  the  general  applicability  of  constants  calculated 
from  one  set  of  facts  to  the  valuation  of  another  set.  That  was  the 
more  evident  if  the  applicability  of  the  method  to  a  select  valuation 
was  considered.  He  thought  the  course  to  follow  in  that  case  would 
be  to  deal  with  the  valuation  in  11  parts,  namely,  year  of  assurance 


11)20.]  Abstract  of  the  Discussion.  57 

0,  year  of  assurance  1,  and  so  on  up  to  years  of  assurance  10  and 
over.  Each  of  the  first  10  parts  would  consist  of  a  single  year's  new 
business,  which  would  be  much  more  erratic  in  its  incidence  over  the 
valuation  ages  than  would  be  the  total  business  of  all  durations. 
In  one  instance  that  had  come  under  his  notice  the  new  amounts 
assured  at  two  of  the  ages  in  a  c|uinary  group  were  £57,000  and  £100 
respectively.  In  such  a  case  the  errors  arising  from  unequal 
distribution  of  the  data  over  the  group  must  be  appreciable,  especially 
if  the  constants  had  been  calculated  on  an  entirely  different  distri- 
bution. It  seemed  to  him  a  weak  point  in  the  method  that  it  did 
not  admit  of  any  limits  being  placed  on  the  amount  of  the  error 
involved  in  a  particular  case.  It  might  be  of  interest  to  place  on 
record  the  results  of  a  short  investigation  of  the  practical  application 
of  the  method  which  he  had  made  with  the  help  of  Mr.  R.  D.  Anderson. 
They  first  extracted  from  the  class  books  one  year's  new  business 
of  a  particular  class,  using  the  sums  assured  only,  and  valued  them 
at  individual  ages  by  the  0  -^^^  3  per-cent  functions.  They  then 
used  the  values  thus  obtained  to  calculate  the  constants  a  and  h 
and  made  a  valuation  by  Mr.  Henry's  new  method.  Owing  to  the 
very  short  time  at  their  disposal,  they  confined  their  investigations 
to  the  older  group  suggested  by  Mr.  Henry,  and,  working  with  age 
55  as  the  origin,  they  obtained  a  total  value  of  £34,199  against  an 
actual  value  of  £34,257.  The  error  of  £58  amounted  to  one-sixth 
of  1  per-cent  of  the  true  value.  The  data  on  which  they  worked 
were  very  unevenly  distributed,  the  sums  assured  being  £18,700  at 
age  61,  £100  at  age  65,  and  £750  at  age  69.  As  an  experiment  they 
then  transposed  the  sums  assured  at  ages  61  and  69  and,  having 
adjusted  the  true  values,  made  a  valuation  by  the  new  method, 
using  the  constants  previously  calculated.  As  was  to  be  expected, 
the  error  resulting  was  much  larger,  being  £524  on  a  true  value  of 
£35,670,  or  nearly  1|  per-cent  of  the  true  value.  Had  they  dealt 
similarly  with  the  premiums,  the  error  in  the  net  reserve  would 
no  doubt  have  been  much  smaller,  but  the  percentage  error  would 
presumably  have  remained  about  the  same.  As  similar  errors  of 
opposite  sign  were  likely  to  occur  in  a  valuation  of  the  different 
classes  of  business,  the  amount  did  not  appear  to  be  serious.  Apart 
from  the  calculation  of  the  constants,  the  only  work  involved  in 
obtaining  the  value  of  the  data  in  any  given  case  was  that  of  tabulating 
them  in  two  sets  of  quinary  groups  and  obtaining  the  fi.rst  and  second 
summations  of  each  set  from  the  bottom  upwards — the  second 
summation  being,  of  course,  only  a  cast.  Those  summations  were 
then  used  with  the  constants  in  evaluating  the  valuation  equations. 
No  such  simple  method  of  valuation  had  ever  been  submitted  to 
the  Institute.  The  simj)licity  of  the  work  was  equal  to  that  of  the 
valuation  methods  to  which  actuaries  were  accustomed,  and. 
judging  by  the  examples  given,  remarkably  accurate  results  were 
obtained  in  all  normal  cases. 

With  regard  to  Mr.  Trachtenberg's  method,  before  the 
multiplication  by  the  (3  factor  could  be  carried  out,  it  was  necessary 
to  complete  a  series  of  small  multiplications,  such  as  those  shown 
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in  the  first  tabulated  statement  in  the  paper,  for  the  calculation 
of  Sx.  It  Avas  there,  he  thought,  that  the  method  lost  some  of  its 
practical  value,  although,  of  course,  it  was  that  process  which  gave 
it  its  power  and  accuracy.  He  did  not  wish  to  exaggerate  the 
arithmetical  difficulties  of  multiplying  by  such  quantities  as  4|,  3|, 
&c.,  but  the  fact  remained  that  it  had  to  be  done  for  each  group 
of  sums  assured,  of  bonuses  and  of  premiums,  and  it  could  not  fail 
to  form  a  considerable  charge  on  .the  time-saving  elsewhere  effected. 
The  errors  introduced  in  the  application  of  the  method  appeared 
from  the  examples  to  be  of  no  importance  whatever,  but  again  there 
was  the  fact  that  it  was  impossible  to  determine  within  what  limits 
they  would  lie.  In  that  connection  it  was  interesting  to  recall  the 
words  of  Mr.  Lidstone  in  the  discussion  on  Mr.  A.  E.  King's  paper. 
In  justifying  discussions  of  unimportant  details,  he  said  :  "  They" 
[i.e.,  such  discussions)  "  might  lead  those  who  had  to  consider  the 
cjuestion  to  see,  first,  that  a  greater  degree  of  accuracy  could  be 
obtained  if  it  were  wanted,  and,  secondly  and  eventually,  that  it 
was  not  wanted  at  all."  It  was  certain  that  no  greater  degree  of 
accuracy  than  that  obtained  by  Mr.  Trachtenberg  in  his  examples 
need  be  sought,  and  he  was  heartily  to  be  congratulated  on  the 
.success  he  had  achieved. 

As  to  the  uses  to  which  these  approximate  methods  might  be 
put,  he  gathered  from  the  remarks  of  Mr.  A.  E.  King  in  the  paper 
just  referred  to. that  at  least  one  large  Assurance  Company  valued 
its  liabilities  by  an  approximate  method  :  but  he  felt  doubtful 
whether  large  Assurance  Companies  generally  were  likely  to  adopt 
such  methods.  The  largest  part  of  the  work  of  a  valuation  was  that 
of  writing  up  the  classification  books,  and  the  work  on  the  valuation 
sheets  was  comparatively  bght.  In  the  application  of 
Mr.  Trachtenberg's  method  it  was  to  be  noted  that  the  special 
classification  books  suggested  by  Mr.  A.  E.  King  might  be  used, 
and  that  was  a  point  in  its  favour.  It  seemed  clear,  however,  that 
that  system  of  books  could  not  be  used  with  Mr.  Henry's  method, 
owing  to  the  fact  that  the  same  age  groups  were  retained  at  each 
successive  valuation.  In  his  opinion  actuaries  had  become 
accustomed  to  face  the  work  of  an  ordinary  aggregate  valuation, 
and  would  not  abandon  that  unless  some  greater  attraction  could 
be  held  out.  But  the  possibility  of  using  an  approximate  method 
for  a  select  valuation  seemed  to  him  worthy  of  further  consideration. 
It  was  difficult  to  conceive  a  more  unsuitable  time  for  valuing  on 
an  aggregate  basis  than  the  present,  when  one  considered  that 
Offices  which  had  done  a  rapidly  increasing  new  business  up  to  the 
middle  of  191-i  suddenly  reverted  for  over  four  years  to  a  new 
business  of  from  one-half  to  two-thirds  of  their  ordinary  total,  and 
were  now  closing  their  books  for  1919  with  more  new  business  than 
they  had  ever  done  before  in  one  year  since  they  were  established. 
Whatever  might  be  said  in  favour  of  an  aggregate  valuation,  he 
thought  actuaries  would  feel  some  doubts  as  to  the  soundness  of 
their  valuation  of  liabilities  on  such  a  basis  at  the  present  time. 
Fiu-ther,   what   interest  could  they    take  in  the  surplus  account 
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prepared  on  such  a  basis  ?  To  suggest  a  full  select  valuation  at  a 
time  when  everyone  was  working  at  such  high  pressure  would  be 
useless,  as  indeed  it  had  been  in  the  past.  Possibly,  however,  the 
new  labour-saving  methods  would  prove  ultimately  to  be  the  solution. 
He  understood  that  Offices  doing  an  extensive  foreign  business,, 
and  having  to  make  valuation  returns  under  various  local  laws, 
found  these  approximate  methods  a  great  help.  In  conclusion,  he 
would  call  attention  to  Mr.  Henry's  remarks  as  to  the  facilities 
provided  by  his  method  for  valuations  of  the  same  data  on  several 
different  bases.  That  was  a  great  advantage  at  times,  and  one 
which  would  seem  to  be  peculiar  to  the  method  in  c^uestion. 

Mr.  R.  D.  ANDERSON  said  that  when  two  methods  of  dealing 
with  the  same  problem  were  brought  into  such  close  juxtaposition 
as  they  had  been  that  evening,  it  was  natural  to  compare  them  with 
a  view  to  seeing  where  they  agreed  and  where  they  differed.  Both 
Mr.  Henry  and  Mr.  Trachtenberg  had  made  use  of  a  straight  line, 
Mr.  Henry  to  represent  the  valuation  function  and  Mr.  Trachtenberg 
to  represent  the  sums  assured.  Both  methods  resulted  in  a  valuation 
divided  into  two  i)arts,  the  first  part,  a  or  a,  applied  to  the  total 
sums  assured  and  the  second  part,  h  or  /i,  a])plied  to  the  second 
summation  of  the  sums  assured,  for  the  !iS^;  employed  by  Mr. 
Trachtenberg  could,  of  course,  be  expressed  in  that  form.  These 
points  of  similarity  suggested  that  there  must  be  some  close  con- 
nection between  Mr.  Hem y"s  a  and  /'  and  Mr.  Trachtenberg's  a  and  /i, 
and  in  fact  if  the  sums  assured  in  Mr.  Henry's  method  were 
assumed  equal  at  all  ages  his  a  and  h  could  be  expressed,  like  Mr. 
Trachtcnber.u- s  a  and  (i,  in  terms  of  the  mean  of  the  valuation 
factor  for  the  first  quinary  group,  and  «„  and  &„  the  first  and  second 
central  differences  of  the  valuation  factor.  The  essential  difference 
between  the  two  methods,  therefore,  seemed  to  be  that  Mr.  Henry 
used  the  actual  sums  assured  as  weights  in  finding  his  a  and  6,  while 
Mr.  Trachtenberg  assumed  that  the  sums  assured  were  linear.  It 
was  to  be  expected  therefore  that,  if  Mr.  Henry's  method  was  used 
to  give  a  check  valuation  of  the  same  data  from  which  his  a  and  h 
were  derived,  it  would  give  very  accurate  results,  but  if  used  for 
future  valuations,  with  the  same  a  and  h,  the  correctness  of  the  result 
would  depend  on  how  closely  the  distriliution  of  the  quantities  to 
be  valued  reproduced  the  distribution  from  which  a  and  h  were 
derived.  If  the  distribution  materially  affected  the  values  of  a 
and  h,  it  would  appear  rather  dangerous  to  apply  the  a  and  h  derived 
from  a  distribution  of  5,  10  or  more  years  ago.  On  the  other  hand, 
if  the  distribution  did  not  much  affect  a  and  h,  a  considerable  amount 
of  labour  would  be  saved  by  omitting  the  weighting  with  the  sum 
assured,  and  the  values  of  a  and  h  could,  like  Mr.  Trachtenberg's 
tt  and  (i,  be  obtained  direct  from  the  Table.  He  had  made  a 
valuation  of  Mr.  Henry's  data  by  finding  two  straight  lines  to 
represent  the  mean  value  of  A^.  for  groups  of  5  years,  i.e.,  he  had 
applied  Mr.  Hem'v's  method,  but  left  out  the  weighting  with  the  sums 
assured,  the  only  difference  being  that  he  took  the  origin  of  his  straight 
line  for  the  first  half  of  the  Table  at  age  55  instead  of  15  and  got  a 
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negative  h,  and  he  liad  obtained  a  total  value  of  £10,652  as  compared 
with  the  correct  value  of  £10,646 — an  error  of  £6  only.  That  might 
be  a  happy  accident,  but  on  the  face  of  it  there  did  not  seem  much 
to  be  gained  by  weighting  with  the  sums  assured. 

Turning  to  Mr.  Trachtenberg's  paper  again,  it  was  remarkable 
how  close  a  value  he  obtained  in  his  example,  although  the  sums 
assured  were  by  no  means  linear,  and  it  occurred  to  him  that  in 
assuming  that  his  sums  assured  were  linear  Mr.  Trachtenberg  had 
unnecessarily  restricted  himself.  If  f{x)  could  be  expressed  as  a 
imraljolic  function  of  ,>•,  it  ^vas  clear,  since  '^:rf\x)  Avas  taken 
symmetrically  about  a  central  origin,  that  all  terms  in/(x)  involving 
odd  powers  of  x  would  disappear  on  summation,  so  that  f{x)  need 
not  be  linear,  provided  no  even  powers  of  x  appeared  mf{x).  Having 
come  to  that  conclusion,  he  endeavoured  to  find  how  much  error 
would  be  introduced  by  assuming  that  the  sums  assured  could  be 
represented  by  a  parabola  and  was  rather  surj^rised  to  find  that  the 
error  was  negligible  in  the  particular  case  he  tried.  He  came  to 
the  conclusion  that  Mr.  Trachtenberg's  method  would  give  very 
good  results  if  the  sums  assured  were  at  all  regular  in  their  progression, 
but  he  would  be  glad  to  hear  if  anyone  else  could  confirm  this 
conclusion. 

Mr.  R.  C.  SLMMONDS  said  that  he  had  applied  Mr.  Henry's 
method  to  the  valuation  of  a  large  block  of  whole-life  business,  and 
the  particulars  might  be  of  some  interest  to  Mr.  Henry  and  to  the 
members  generally.  The  sums  assured  in  the  business  in  question 
amounted  to  nearly  £3,000,000  and,  owing  to  lack  of  time,  he  was 
obliged  to  confine  his  investigation  to  the  sum  assured,  and  therefore 
any  consideration  of  true  reserves  had  to  be  omitted.  The  business 
was  all  of  fairly  recent  date,  so  that  the  distribution  was  not  equivalent 
to  that  in  a  50-year  model  office.  The  result  of  applying  the  method 
with  constants  derived  from  the  business  itself  was  to  produce  for 
the  value  of  the  sums  assured,  on  a  total  of  over  £1,600,000,  an  error 
of  under  £1,000,  an  error  of  rather  more  than  one-half  per  1,000.  A 
curious  feature  was  that,  on  applying  the  constants  given  in  Mr. 
Henry's  paper  to  the  same  figures,  the  already  trivial  error  was 
reduced  very  substantially.  He  would  like  to  mention  that  the 
lousiness  in  c[uestion  was  net,  so  that  any  disturbance  caused  by 
unduly  large  cases  could  be  taken  as  having  been  eliminated.  He 
would  very  much  like  Mr.  Henry  to  give  some  clearer  idea  of  the 
exact  method  of  weighting  which  he  proposed  to  adopt.  The 
statement  in  his  paper  that  "  given  the  appropriate  constants  for 
any  mortality  table,  a  check  valuation  can  be  made  with  very  little 
labour  and  will  give  results  in  close  agi'eement  with  the  actual  facts, 
&c.",  would  seem  to  suggest  that  it  was  not  strictly  necessary  to 
weight  with  particular  regard  to  the  business  under  consideration. 
The  point  was  of  some  practical  importance  since  the  determination 
of  the  constants  on  each  occasion  would  involve  a  considerable 
amount  of  labour. 

Sir  ALFRED  WATSON  did  not  think  that  Mr.  Henry  would 
claim  for  his  method  that  it  supplied  more  than  a  check  valuation  ; 
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there  was  no  suggestion  in  his  paper  that  the  method  was  one  by  which 
the  ordinary  systems  of  valuation  could  be  superseded.  In  certain 
valuations  that  were  now  being  made,  where  there  were  no  variations 
in  the  benefits  assured  or  in  the  premiums,  but  everything  was  on  a 
uniform  basis,  the  method  lent  itself  admirably  to  checking  the 
results  by  calculation  of  the  reserves,  thus  substituting  one  process 
for  a  minimum  of  two  if  the  operation  were  performed  on  contri- 
butions and  benefits  separately.  The  value  of  the  method  clearly 
depended  upon  the  facility  with  which  the  constants  could  be  found, 
and  in  the  case  referred  to  the  constants  had  been  found  by  a  standard 
distribution  of  the  lives  over  the  several  ages  from  16  to  70  and  when 
calculated  on  this  general  basis  were  applied  to  each  particular  case 
in  which  a  check  of  an  individual  valuation  made  by  the  ordinary 
method  was  required.  The  results  were  extremely  satisfactory  and 
that  went  some  way  to  answer  the  query  raised  by  the  last  speaker 
as  to  whether  it  was  necessary  in  every  case  to  re-calculate  the 
constants  from  the  distribution  of  the  particular  business  the  valua- 
tion of  which  it  was  desired  to  check.  In  the  case  of  which  he  spoke, 
the  constants  calculated  at  the  outset  were  to  be  applied,  after 
careful  consideration  of  course,  to  about  10,000  or  12,000  different 
valuations  in  which  the  age  distribution  of  the  assured  varied  widely. 
He  thought  it  was  worth  having  that  on  record,  because,  although 
papers  of  the  kind  were  and  always  must  be  of  theoretical  interest, 
it  was  useful  to  know  of  any  circumstances  in  practical  working  in 
which  actual  use  was  being  made  of  theoretical  methods.  Apart 
from  the  practical  value  of  a  method  of  the  kind  as  supplying  a  much- 
needed  check  in  times  of  great  stress,  when,  with  all  the  precautions 
that  could  be  devised,  something  might  go  wrong  in  the  ordinary 
process  of  valuation,  the  study  of  such  methods,  their  mastery  and 
their  application,  formed  an  extraordinarily  stimulating  mental 
exercise,  the  cultivation  of  which  was  bound  to  make  men  more 
efficient  in  the  performance  of  their  actuarial  functions.  It  gave 
a  mastery  over  data  and  working  processes  that  could  not  be  obtained 
by  confining  oneself  to  the  orthodox  and  routine  methods  of  the 
text-books.  For  his  own  part,  he  welcomed  very  gladly  the  method 
of  valuation  which  Mr.  Henry  had  devised.  He  had  not  had  an 
opportunity  of  studying  in  practical  use  Mr.  Trachtenberg's  alter- 
native method,  but  he  was  quite  sure  that  in  that  case  also  the  study 
of  the  method  could  not  fail  to  be  of  benefit. 

Mr.  ^Y.  P.  ELDERTON  believed  that  the  earliest  attempt  at 
approximate  valuation  was  the  well-known  method  of  Woolhouse, 
who  grouped  the  ages  for  which  the  central  values  of  A  were  -3, 
•4,  &c.,and  multiplied  these  central  values  of  A,  by  the  corresponding 
total  sums  assured.  This  method  sometimes  gave  poor  results,  and 
he  thought  the  reason  was  that  it  did  not  take  sufficient  account  of 
the  general  run  of  the  quantities  to  be  valued.  The  methods  that 
were  being  discussed  that  night  were  not  open  to  any  such  objection. 
Going  back  to  the  beginning  of  this  sort  of  approximate  work, 
A.  E.  King's  method  used  a  mean  age  in  certain  groups,  with  a 
modified    assurance    value    or    annuitv   value    which    made    some 
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allowance  to  counteract  the  use  of  a  large  group,  but  even  with 
the  suggested  auxiliary  Tables,  a  certain  amount  of  interjoolation 
was    necessary.     In    Trachtenberg's    paper    interpolation    of    that 
kind  was  avoided,  but  it  was  necessary,  on  the  other  hand,  to  have 
two  multi])liers  u  and  [3.     As  between  the  two  methods  it  was  a 
choice  between  interpolation  and  two  multiplications.     Of  course, 
if  Trachtenberg's  method  were  to  be  used  to  any  great  extent,  a 
fairly  large  number  of  tables  would  have  to  be  prepared,  but  that 
would  be  no  real  objection.     If  any  method  were  found  to  be  generally 
applicable,  tables  w^ould  be  prepared  just  as  they  were  at  present 
for  D.r  or  N.r  or  other  moderately  useful  functions.     Both  methods 
assumed  certain  foruxs  for  the  functions  to  be  valued  or  by  which 
the  valuation  was  to  be  made,  but  they  did  so  not  by  adopting  a 
form  to  begin  with,  but  by  proceeding  by  some  order  of  differences. 
Henry's  method    seemed  to  be  different  from  the  others  in  that 
respect  ;    he  actually  re-graduated  the  functions  b}^  which  he  was 
valuing.     In  the  original  version  of  his  method  Hem-y  suggested 
that  the  valuation  function  .should  be  i»ut  in  the  form  a  +  hx  +  CTT, 
and  by  that  process  and  three  summations  the  result  of  the  valuation 
would  be  found.     He  now  suggested  that  the  data  should  be  split 
into  two  parts  and  a  straight  line  be  used    for  valuation,  but  a 
different  straight  line  for  each  part.     That  had  the  advantage  of 
shortening  the  process  by  cutting  out  one  summation,  and  it  could  be 
further  shortened  by  the  use  of  quinary  groups.     The  actual  work  of 
valuation  might  jiossibly  be  further  shortened  by  using  auxiliary 
columns  something  like  those  suggested  by  Mr.  A.  E.  King  in  his  paper. 
He  had  had  in  his  mind  for  some  years  an  approximate  method 
which  would,  if  it  could  be  used,  save  still  more  work.     In  the  case 
of  a  whole-life  assurance  the  sum  assured  or  net  premium  or  office 
premium  could  be  described  roughly  by  a  frequency  curve  of  Type  I, 
with  a  range  of  from  age  5  to  age  105.     Henry  had  already  shown 
that  Ax  could,  for  the   purpose  of   valuation,  be   expressed  in  the 
form  a  +  hx  +  cx'.     The  quantity  to  be  valued   and   the  valuation 
factor    might   therefore    be    represented     approximately     by   two 
algebraical  expressions,  and  the  product  of  those  expressions  would 
be  the  sum  of  the  area  and  the  first  and  second  moments  of  the 
Tvpe  I  curve  multiplied  by  certain  constants.    Hence,  by  appropriate 
tabulation  the  valuation  could  be  reached  with  a  single  multipli- 
cation.    As  it  is  possible  to  fit  a  curve  roughly  by  using  broad  areas 
with  the  help  of  certain  auxiliary  tables,  the  final  table  for  use  in 
the  valuation  would  take  the  following  form  :    The  first  column 
would  be  the  proportion  which  the  sums  assured  from  age  5  to  age 
40  bore  to  the  whole  sum  assured  that  was  being  valued  ;  the  next 
column  the  proportion  that  the  sum  assured  from  age  40  to  age  70 
bore  to  the  whole  that  was  being  valued.     That  roughly  fixed  the 
curve.     A  third  column  would  give  the  amount  by  which  the  total 
.sum  assured  or  net  premium  had  to  be  multiplied  to  produce  the 
final  result.     The  broad  gxoups  would  entail  no  additional  work 
because  it  was  no  more  trouble  to  add  90  items  in  three  sets  of  30 
each  than  in  one  set  of  90. 
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He  believed  that  some  actuaries  liad  the  feeling  that  such 
approximate  work  as  Henry's,  Trachtenberg's  and  A.  E.  King's 
was  not  very  useful  in  practice.  Personally'  he  did  not  agree  with 
that  view.  If  it  were  possible  to  reduce  2-tO  multiplications  to 
10,  it  was  worth  doing,  even  if  there  was  a  large  amount  of  balancing 
work  to  be  done  in  addition  to  the  multiplications.  But  there  was 
another  defence  of  such  approximate  methods,  and  he  thought  a 
far  better  defence,  that  it  was  along  such  lines  that  future  develop- 
ments of  actuarial  science  might  come  in  ways  that  could  not  at 
present  be  foreseen. 

The  PRESIDENT,  in  proposing  a  vote  of  thanks  to  the  authors 
of  the  papers,  said  that  he  would  like  to  see  a  more  extensive  appli- 
cation of  the  methods  to  actual  facts — by  which  he  meant  not  only 
the  application  of  the  same  method  to  different  data,  but  also  the 
application  of  the  different  methods  to  the  same  data.  He  believed 
that  such  approximations  were,  and  were  likely  to  be,  very  powerful 
instruments  in  practical  work,  and  he  thought  they  were  likely  to  be 
more  valuable  owing  to  the  pressure  which  would  fall  on  all  actuaries 
in  the  near  future  on  account  of  the  changed  conditions  which  were 
certain  to  arise  as  the  result  of  the  war.  They  would  need  easy 
means  of  making  check  valuations  or  check  calculations,  and 
therefore  it  Avas  very  important  to  be  able  to  rely  thoroughly  on 
approximate  methods  whicli  would  detect  not  only  errors  of  theory, 
l)ut  also  errors  which  were  likely  to  arise  merely  owing  to  pressure 
of  work,  such  as  Mr.  Henry  referred  to  Avhen  he  said  :  "  The  method 
has  the  advantages  that  it  is  independent  of  individual  values  of 
the  valuation  factors,  that  it  differs  entirely  in  its  j)rocesses  from  those 
of  the  valuation  itself,  and  that  therefore  errors  of  calculation  and 
transcription  will  not  be  perpetuated."  He  agreed  entirely  with 
Sir  Alfred  Watson  and  ^Mr.  Elderton  that  the  study  of  such  problems 
as  approximate  valuation  was  a  very  useful  exercise  of  judgment 
and  a  stimulation  to  original  thought.  As  he  had  said  before  in 
the  Hall,  he  thought  the  methods  of  education  and  the  type  of  mind 
thereby  evolved  should  be  very  useful  to  the  community.  The 
mind  evolved  by  such  education  would  be  extremely  useful  in 
applying  its  powers  to  practical  problems  involving  imagination, 
and,  of  all  the  practical  problems  which  were  coming  before  the 
actuary,  those  which  required  imagination  weie  going  to  be  the 
most  important. 

:\Ir.  ALFRED  HENRY  agreed  with  Mr.  Anderson  that  the  two 
methods  were  not  widely  different  in  principle.  Mr.  Trachtenberg 
took  a  series  of  ten-year  groups,  whereas  he  divided  the  data 
into  two  groups  for  the  whole  series  of  ages  ;  Mr.  Trachtenberg 
using  the  ten-year  groups  found  it  unnecessary  to  weight  his 
fjuantities,  Avhereas  he  (the  speaker)  found  the  weighting  was  of 
considerable  importance.  Then  Mr.  Trachtenberg  used  functions 
which  involved  the  values  x  and  f{x),  and  he  himself  used  con- 
secutive summations  which  in  effect  gave  the  same  results.  There- 
fore he  did  not  think  there  was  very  much  between  them  in  principle. 
With  regard  to  Mr.  Underwood's  remarks,  he  was  much  interested 
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in  hearing  of  a  practical  application  of  the  method.  He  had  not 
had  access  to  office  records  in  order  to  test  the  value  of  the  method 
from  the  point  of  view  of  Life  Office  work,  but  had  used  the  Board 
of  Trade  returns.  It  was  satisfactory  to  learn  from  Mr.  Underwood 
and  also  from  Mr.  Simmonds  that  in  Avorking  from  actual  figures 
it  was  possible  to  get  accurate  results.  With  regard  to  the  question 
of  the  irregularity  of  individual  values  being  likely  to  throw  out 
the  result,  if  one  had  a  very  large  group  of  data  at  any  particular 
age  and  valued  the  re-insurances  by  the  same  method,  the  errors 
were  bound  to  be  reduced.  Apart  from  that,  errors  of  distribution 
as  between  the  ages  in  a  particular  group  did  not  relate  to  that 
group  entirely  ;  regard  must  be  had  to  the  whole  series  of  data  from 
the  first  group  to  the  last.  If  the  grouping  was  in  five-year  age 
groups  unequal  weighting  in  one  group  might  be  counterbalanced 
in  another  group.  With  regard  to  the  question  raised  by 
Mr.  Simmonds,  he  was  convinced  personally  that  to  get  the  best 
results  from  the  method  it  was  necessary  to  adopt  some  method  of 
weighting.  The  errors  in  the  method  when  using  quinary  groups 
might  arise  in  three  ways.  There  was  the  question  as  to  whether 
there  was  proper  distribution  over  the  quinary  group,  i.e.,  whether 
the  values  assumed  by  the  data  at  individual  ages  were  such 
as  to  give  a  correct  result  when  valued  at  a  central  age  ; 
there  was  the  question  as  to  whether  the  approximate  curve  did 
in  fact  fit  the  values  of  the  function  to  which  it  had  been  applied  ; 
and  thirdly  there  was  the  question  as  to  whether  the  distribution  of 
ages  was  approximately  in  accordance  with  the  weighting.  The 
object  of  the  weighting  was  to  make  certain  that,  even  if  the  approxi- 
mate curve  did  not  fit  the  curve  of  the  valuation  factor,  on  a  normal 
difetribution  there  would  still  be  a  correct  result.  Without  some 
system  of  weighting  that  could  not  be  obtained.  It  followed  that, 
if  there  was  a  distribution  somewhat  dissimilar  from  the  actual 
weights  used  in  the  function,  such  an  accurate  result  might  not  be 
obtained.  It  all  depended  on  the  balance  of  error,  and,  although 
by  weighting  one  secured  the  balance  of  error  in  a  normal  case,  one 
might  secure  the  balance  of  error  in  other  ways,  and  he  thought 
that  accounted  for  Mr.  Simmonds's  results  in  applying  his  particular 
constants.  One  did  not  get  a  very  different  result  from  the  constants 
obtained  by  his  system  of  weighting.  It  was  a  well-established 
fact  that  if  the  system  of  weights  was  a  reasonable  one  the  values  of 
the  actual  weights  themselves  did  not  interfere  very  much  with 
the  final  functions  obtained.  He  would  like  to  endorse  what 
Sir  Alfred  Watson  had  said  as  to  the  method  not  being  intended 
as  am'thing  more  than  a  check  valuation.  As  things  were  at  present 
it  would  be  rather  difficult  to  put  forward  a  valuation  made  on 
his  lines  as  one  complying  with  the  Assurance  Companies  Act. 
For  that  reason  he  had  never  considered  the  method  as  affording 
more  than  a  check  valuation,  but  the  value  of  it  as  a  check  valuation 
was  that  it  did  not  reproduce  particular  errors.  If  the  value  of, 
say,  a  reversion  had  been  entered  incorrectly,  that  error  was  not 
reproduced  ;    the  valuation  was  made  ab  initio.     On  the  question 
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of  auxiliary  columns,  he  had  always  recognised  that  it  was  possible 
to  use  auxiliary  columns,  but  it  was,  he  thought,  a  good  feature  of 
his  method  that  auxiliary  columns  had  not  to  be  used.  It  seemed 
to  him  that  the  use  of  auxiliary  columns  through  all  the  classification 
books  and  alteration  books  entailed  a  lot  of  extra  work. 

Mr.  TRACHTENBERG  said  that  Mr.  Underwood  had  referred 
to  the  necessity  by  his  method  of  multiplying  by  31,  4|,  &c.  If 
done  in  that  way  it  would  take  two  columns  in  the  class  books,  but 
his  intention  was  to  use  Mr.  King's  classification,  multiply  by  0,  1, 
2,  up  to  9,  and  then  subtract  4-5  times  the  total  sum.  Mr.  Anderson, 
in  comparing  his  method  with  Mr.  Henry's,  said  that  whereas  he 
assumed  that  the  sum  assured  was  a  Linear  function,  Mr.  Henry 
took  the  sums  assured  as  weights,  and  he  suggested  that  that  was  the 
sole  difference  between  the  methods.  But  his  method  took  account 
of  second  differences,  whereas  Mr.  Henry's  took  account  of  first 
differences  only.  He  would  like  to  emphasize  the  fact  that  he 
(the  speaker)  put  forward  his  method  as  an  exact  method  and  not? 
as  a  check  method.  The  operations  were  too  elaborate  for  a  check, 
whereas  they  would  be  simple  enough  for  a  method  which  replaced 
a  detailed  valuation,  and  that  was  what  he  proposed  it  should  do. 
He  agreed  that  it  was  very  desirable  to  test  the  various  approximate 
methods  by  applying  them  to  the  same  data.  An  approximate 
method  of  valuation  might  seem  strange  at  first,  yet  after  repeated 
application  be  found  as  simple  as  the  ordinary  detailed  method. 
No  method  should  be  criticized  merely  on  the  ground  that  it  was 
unfamiliar.  He  admitted  the  simplicity  of  Mr.  Henry's  method 
and  thought  it  was  wonderfully  fitted  for  the  purpose  for  which 
he  had  put  it  forward — as  a  sufficient  check. 


Mr.  A.  E.  King  writes  : 

"  .  .  .  .  Mr.  Trachtenberg  gives  at  the  outset  a  table  of 
particulars  of  Sums  Assured  for  Valuation,  the  particulars  being 
identical  with  those  given  in  §12  of  my  paper.  It  is  necessary 
in  working  by  Mr.  Trachtenberg's  method  to  multiply  28  by  a  and 
2Sx'  by  13,  and  advisable  that  S  for  each  age  should  be  multiplied 
by  a;  ^vithout  any  material  cutting  down  of  figures.  In  working  by 
my  method  it  is  necessary  to  find  the  weighted  age  by  dividing 
^IS.r  by  2S  and  then  the  sums  assured  are  multiplied  by  Aw  where 
W  is  the  weighted  age  found  as  above  ;  and  it  is  to  be  noted 
that  S  may  be  cut  down  from  six  figures  to  four  figures  or  even 
three  figures,  if  we  choose  to  do  so,  without  any  sensible  loss  of 
accuracy.  .  .  .  The  advantage  of  Mr.  Trachtenberg's  method 
is  that  extended  tables  of  assurance  and  annuity  values  are 
dispensed  with,  but  as  against  this  there  are  the  following 
disadvantages  : 

(1)  Two  factors  have  to  be  used  instead  of  one. 

(2)  The  figures  should  not  be  materially  cut  down.     In  practice 

it  is  my  rule  to  use  but  two  figures  of  the  sum  assured  in 
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finding  the  weighted  age  and  this  effects  a  great  saving 
of  time  and  labour. 

(3)  The  bonuses  also  require  to  be  weighted  afresh  at  every 

valuation  ;  there  is  no  corresponding  -device  put  forward 
to  that  given  in  my  paper  which  allows  the  weighted  age 
obtained  from  the  sum  assured  to  be  employed  in  valuing 
bonuses  and  premiums. 

(4)  In  working  by  my  method  with  a  weighted  age  the  actuary 

can  watch  the  progression  of  the  weighted  ages  for  each 
10-year  group  from  year  to  year  and  thus  has  some  check 
on  the  work  of  his  subordinates.  Mr.  Trachtenberg's 
method  does  not  carry  this  advantage. 

It  should  be  borne  in  mind  that  my  extended  tables  when  once 
calculated  are  ready  for  use  for  all  time,  whereas  the  trouble  of 
multiplying  sums  assured,  bonuses  and  premiums  by  x  for  each 
age  to  the  last  figure  is  a  task  which  is  inflicted  afresh  at  every 
valuation. 

Mr.  Trachtenberg  states  that  the  system  of  class 

books  described  in  §§30-35  in  my  paper  will  equally  well  serve 
the  purpose  of  his  method.  His  tables,  however,  would  have  to 
be  extended  to  ten  times  the  present  size,  for  a  given  10-year  group 
comprising  ages  20-29  will  next  year  comprise  ages  21-30  and  so  on. 
Mr.  Trachtenberg  also  would  require  weights  for  bonuses  and  they 
would  need  to  be  changed  after  every  distribution  of  surplus. 

It  may  interest  members  to  know  that  although  it  is  my  practice 
to  make  a  valuation  on  the  usual  lines  in  respect  of  each  individual 
year  of  birth  and  maturity  for  the  purposes  of  Board  of  Trade  returns 
the  only  check  employed  on  the  calculations  is  a  second  valuation 
of  extended  grouj)ing,  employing  weighted  ages." 


Mr.  Henry  sends,  at  the  request  of  several  members, 
the  following  example  of  the  calculation  of  the  constants 
a  and  h  : 

This  example  represents  the  calculation  of  the  constants 
for  the  0^  3  per-cent  annuity. 

In  this  case  the  weighting  and  the  calculations  relate  to 
quinquennial  groups,  but  in  certain  circumstances  it  may  be 
desirable  to  weight  the  values  for  individual  ages  (see  remarks 
on  p.  50)  ;  the  principles  of  the  calculation  are,  however,  the 
same. 

If  ax  be  the  annuity  value  at  age  x  and  ic^.  be  the 
corresponding  "  weight ",  then  the  following  equation  holds 
good  : 

Wxax  =  u'A(^  +  ^^)- 

The  data  are  divided  into  two  groups  for  which  separate 
constants  are  required,  namely,  ages  under  55  and  ages  55 
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and  over.  In  the  former  group,  for  convenience,  the  origin 
is  taken  at  age  15,  and  in  the  latter  group  at  age  55.  The 
following  table  can  therefore  be  constructed  for  central 
<]|uinary  ages  : 


Weighted  value  of 

Age 

Weisrht 

Wei^'hted 

the  function 

Annuity 

a-\-bx 

17 

0 

0 

22 

14 

311 

14a  +      986 

27 

51 

1073 

51a+    6126 

32 

88 

1736 

88a +  14966 

37 

113 

2068 

113a  +  2i866 

42 

124 

2079 

124a +  .33486 

47 

127 

1918 

127a+40f:i6 

52 

12L 

1614 

121a +  44776 

57 

109 

1253 

109a +    2186 

62 

93 

897 

93a +    6516 

67 

74 

580 

74a +   8886 

72 

50 

30S 

50a +    8506 

77 

25 

116 

2ort+    5506 

82 

9 

30 

9a +    2436 

87 

2 

5 

2a  +      616 

92 

0 

0 

Taking  now  the  group  relating  to  ages  under  55,  only  two 
constants  are  required,  and  therefore  only  two  equations  are 
necessary.  The  weighted  equations  are  therefore  combined, 
somewhat  arbitrarily,  into  two  groups,  ages  17-37  and  42-52 
respectively,  thus  giving  the  following  equations  : 

266a +  46926  =  5188 
372a+118896  =  5611 
Whence  a=  24-94853  6= --308676 

Similarly  for  ages  over  55,  the  following  ecjuations  result  : 
276a+ 17576  =  2730 
8»3a  + 17076  =  459 
Whence  a  =  12-041515  6= --337768. 

In  the  above  example  the  weights  used  are  based  on  the 
model  office  ;  in  actual  practice,  the  weights  should  be  chosen 
so  as  to  reflect  the  circumstances  of  the  particular  calculation 
in  view. 
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Valuation  of  Redeemable  Securities  with  allowance 
for  Tax. 

J.N  view  of  tlie  prospect  of  a  liigli  rate  of  income-tax  beings 
maintained  for  many  years,  it  has  become  tlie  usual  practice 
— at  any  rate  among  actuaries — to  estimate  yields  on  a  net 
basis  after  allowance  for  tax  at  the  current  rate.  It  may  be 
useful,  therefore,  to  discuss  two  or  three  special  types  of 
redeemable  security  that  arise  in  investment  work.  In  dealing 
with  such  securities  it  is  not  as  a  rule  worth  while  to  obtain 
an  explicit  formula  for  the  approximate  yield.  It  is  sufficient 
to  value  at  two  rates  and  make  a  first-difference  interpolation. 
Or  in  these  times  when  quotations  are  often  wide  and  business 
a  matter  of  negotiation,  the  investor  may  have  decided  on 
the  net  yield  at  which  he  would  regard  a  particular  security 
or  class  of  security  as  worth  consideration,  and  may  want  a 
value  to  compare  with  current  quotations.  In  either  case  the 
question  becomes  one  of  valuation  to  give  a  specified  net 
yield — rather  than  of  direct  determination  of  the  yield. 

The  rates  of  dividend  and  tax  will  be  denoted  by  (/  (per 
interval)  and  t,  and  the  net  rate  of  interest  by  i  (per  interval). 

This  type  of  security  presents  no  difficulty,  as  all 

Loan  repayable      ^ij-  •  -\  i.         ^^^  £  •  j. 

by  fixed  that  is  necessary  m  order  to  allow  tor  income-tax 

instalments.  .  i/i\-i  ip  n 

IS  to  replace  g  by  g{l  —  t)  m  the  usual  formulas. 
If  repayments  take  place  by  drawings  at  par  the  value  of 
a  unit  of   the  loan,  regarded   as  an  average   sample  of  the 

whole  loan,  to  vield  the  net  rate  i  will  be  K+  — — -. — -  {1  — K), 

where  K  is  the  present  value  at  rate  i  of  the  remaining 
instalments  per  unit  of  the  outstanding  amount  of  the  loan. 

If  the  repayments  may  be  made  by  purchase  when  the 
loan  is  below  par,  then  the  value  of  a  unit  of  the  loan  to 
yield  the  net  rate  i{>g  —  gt),  on  the  usual  assumption  that 
the  unit  in  question  will  be  held  until  the  end  of  the  term  of 
the  loan  and  will  then  be  repaid  at  par,  is  1  — (i— gfl  — i)«^, 
where  the  final  instalment  of  the  loan  is  repayable  at  the  end  of 
n  intervals.  The  amounts  of  the  instalments  do  not  enter  into 
the  formula,  but  it  is  obvious  that  towards  the  end  of  the 
term  the  demand  for  repayment  account  must  greatly  exceed 
the  normal  supply  and  that  opportunities  may  consequently 
arise  for  the  realization  of  a  higher  rate  than  ;:'  by  sale. 

An  example  of  a  loan  repayable   by  fixed  instalments  hj 
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•drawings  or  piircliase  is  afforded  bv  tlie  Belgian  3  per-cent 
Sterling  Loan  of  1914.  On  the  basis  of  6s,  tax  througliout 
the  value  as  at  5  February  1920,  to  yield  3j  per-cent  net 
half-yearly  was  100--022a2  which  =52-37. 
Loan  repayable  ^^  ^°^^  repayable  by  an  annuity  comes  under  the 
■byanamty.        ^^^^  heading,  but  admits  of  special  treatment. 

The  remaining  term  of  the  loan  being  n  intervals  the 
successive  instalments  per  unit  of  the  amount  outstanding  Avill 

be  1/-S"^,  i^~^9)hn  '  ^^-^  ^^'^^  -^  ^^^^  ^^ 

[t'  +  f2(l  +  ^)  +  ...  +  r"(l+^)"-']/<, 

which  (in  the  usual  case  of  i  exceeding  g)  =  riyj(l  +g)f>''-  where 
4'={i-g)/{l+g),  or  more  conveniently  {anila~i—gli)/(l—g/i). 
Hence  the  value  of  a  unit  of  the  loan  to  yield  the  net  rate  i  is 

g{\-t)/i+ll-g{l-t)/i]{arJal-gli)Xl-gli). 

For  interpolation  purposes  this  expression  may  be  written  in 
the  form  (1  ■rtlX)anlcv'-  —  tj\,  where  i={l-\-X)g. 

The  Indian  Eailway  Annuities  are  virtually  loans  of  this 
type,  but  as  they  are  quoted  per  £1  of  annuity  the  expression 
for  the  value  will  take  the  form  (1 +  i/A,)a,7|  — ^a|/X  where  n  is 
the  remaining  term.  Thus,  in  the  case  of  Great  Indian 
Peninsula  Railway  A  annuity  (of  which  the  schedule  for 
income-tax  purposes  is  calculated  on  the  basis  of  interest  at 
1"425  per-cent  half-yearly),  if  we  neglect  the  final  fraction  of 
the  annuity  for  the  period  from  1  July  to  17  August  1948,  and 
also  the  small  deduction  for  expenses  and  management,  the 
value  at  1  July  1920,  to  yield,  say,  3  per-cent  net  half-yearly 

on    the    basis    of    Qs.    tax    will    be    ^  ri-271a^-^— •271al-f'^l, 

^  >-  obi  5o|        -J ' 

which  — 11'9.  The  B  annuity  presents  a  different  problem. 
If  the  income  of  the  existing  sinking  fund  accumulations 
tosfether  with  future  sinking-fund  contributions  could  be 
invested  in  the  purchase  of  the  B  annuity  at  prices  to  yield 
3  per-cent  half-yearly,  then  the  value  of  the  annuity  at 
1  July  1920,  to  yield  3  per-cent  net  half-yearly  on  the  basis 
of  6s.  tax  would  be  11*9  (as  above)  +'p-'rqci^^ ,  where  ^j  and  q 
(which  could  be  estimated  from  the  published  list  of  sinking- 
fund  investments)  represent  respectively  the  present  value  of 
the  existing  sinking-fund  per  unit  of  annuity  and  the  half- 
yeai'ly  net  interest  thereon.    Clearly  the  supposed  sinking-fund 
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procedure  could  not  be  followed  ihroughout  tlie  term  of  the 
annuity.  Nevertheless,  if  consistently  followed  as  long  as 
possible  it  must  (subject  to  possible  further  depreciation  of  p 
and  conversion  of  A  annuity  into  B  on  too  favourable  terms) 
have  the  effect  of  enabling  an  investor  at  the  price  above-stated 
to  realize  at  least  the  required  yield  by  sale. 
Loan  repayable  Supposc  the  amouut  per  interval  applied  to  the 
service  of  the  loan  to  be  z-\-  g  per  unit  of  the 
outstanding  amount  of  the  loan. 

If  repayments  take  place  by  drawings  at  par  at  the  end. 
of  each  interval  the  average  value  of  a  unit  of  the  loan  to 
yield  the  net  rate  i  will  be  (1  +  tjX) a„  /aj(-  —  tjX,  where  i  =  (1 4-  \)y 
and  {z  +  g)al,=  l.  When  the  drawings  take  place  less 
frequently  than  interest  is  payable  this  can  be  alloAved  for,  if 
desired,   by   a  modification  of   t.     For  the    general  formula 

becomes  K-\ -. fl— K;,  and  all  that  is  necessary  is  to 

put    (1  —  ^)sj'|"^=  1  —  t'.    Thus,  if  drawings  take  place  yearly  and 
interest  is  payable  half-yearly,  the  value  to  j'ield  the  net  yearly 

rate  i  will  be  (l-tt'/X)a„ /a'—t'/X,  Avhere  t'  =  t—  -i{l  —  t). 

The  Copenhagen  4  per-cent  Loan  of  1901,  is  repayable  by 
annual  drawings  at  par  in  approximately  47  years  from 
15  November  1901,  interest  being  payable  on  15  May  and 
November.  Hence  the  value  on  15  November  1920,  to  yield 
the  net  yearly  rate  of  5  per-cent  on  the  basis  of  Qs.  tax  will  be 
2-165a;^/a^°  — 1"165,  which  =77  without  regard  to  any  profit 
on  exchange. 

If  repayments  may  be  made  by  purchase  under  par  and 
iis  >  g,  it  must  be  assumed,  as  usual,  that  the  purchases  foir 
repayment  account  will  be  made  at  prices  to  yield  the  net 
rate  i.  If  n  be  the  number  of  intervals  in  which  the  loan  will 
be  repaid,  S,.  the  proportion  of  the  loan  (per  unit  of  the 
existing  amount)  outstanding  at  the  beginning  of  the  (?•  +  l)th 
interval,  and  X,.  the  price  per  unit  at  the  beginning  of  the 
(r+l)th  interval  — so  that  So=l,  S„  =  0,  Xo  =  the  present 
value  per  unit  and  X„=l— then 

'^+(/= g^r- 1  +  x,.(s,._ , — s,.) 

and  X,.=  l-[i-{l-t)g]a^^ 

Hence,  beginning  with   z +  g=:(^l+g)Sn-i,  a   schedule   of  the 
future  operation  of  the  loan   can   be  constructed  backwards 
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until  the  value  So=l  is  reached.  The  process  is  shown  by  the 
following  extract  from  a  schedule  of  the  Argentine  (Port  of 
the  Capital)  5  per-cent  Loan,  z  +  g  being  taken  at  the  date  of 
valuation  as  •04674  on  the  amount  outstanding,  t  as  '3,  i  as  '03 
and  therefore  i  —  {l  —  t)g  as  '0125  : 


n  —  r 

X,. 

l0g(5+;9  +  X,Sr)' 

logf^r  +  X^) 

(3) -(4) 

S..-1 

Sr-lX,._i 

logX^ 

0 

1 
2 

: 

25 
26 

V 

•9879 
•9761 

•7823 
•7765 

•6697 
•9628 
•1310 

•8945 
•9037 

•0107 
•0056 
•0005 

•9070 
•9039 

•6590 
•9572 
■1305 

•9875 
•9998 

'0456 
•0906 
■1351 

•9716 
•9995 

•0450 
•0884 
•1303 

•7544 

•7705 

! 

•9947 
■9895 

•8934 
•8901 

SO  that  the  term  of  the  loan  to  yield  3  per-cent  net  half-yearly 
should  be  13|  years  and  the  price  77.  When  an  investment 
is  made  in  a  loan  of  this  kind,  it  is  very  desirable  that  a 
complete  schedule  should  be  constructed  and  the  market  price 
compared  at  the  end  of  each  interval  with  the  price  shown  in 
the  schedule,  because  if  purchases  are  made  for  repayment 
account  at  prices  in  excess  of  schedule  prices  the  term  of  the 
loan  may  be  lengthened  and  the  investor  will  not  realize  the 
intended  yield  unless  he  sells. 

But  it  would  obviously  be  inconvenient  to  construct  a 
complete  schedule  merely  for  valuation,  and  an  approximate 
value  may  be  obtained  by  some  such  method  as  the  following. 
Since 

=  {^  +  9)(^n—tg (va) ,7,  say, 

and  X=l  — [i— ^(1  — /)]a,; 

it  follows  that 

^=[z  +  g-tg  (va)  n  /a«  ]  Ib^i  +  fg-tg  (va)  ^/a^J 

If  S  decreased  from  1  to  0  in  A.P.  (which  will  be  roughly 
the  case),  {va)n\lcin  would  =i(\ja-  —  l/?i)/i,  and  this  expression 
does  not  differ  greatly,  for  a  wide  range  of  n  and  i,  from  "6. 

Hence  X^  '+J-^^9 


:  +  i  +  -Ug  approximately. 
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In  the  example  given  above  tliis  would  make  tlie  6  per- 
cent net  value  77*2.  It  gives  also  the  convenient  direct 
approximation  to  the  yield  i=i{z  +  g  —  'Qtg)jlL—{z  +  -4:tg). 


■^^*  With  reference  to  the  article  in  the  October  1919 
number  of  the  Journal  on  "  The  Valuation  of  Victory  Bonds 
held  to  pay  Estate  Duty"^  Mr.  Lidstone  draws  attention  to 
the  fact  that  the  formula  given  in  the  footnote  on  p.  363  is 
applicable  not  only  at  date  of  issue,  but  also  after  t  years 
(■when  t  is  integral)  if  z  be  taken  as  the  proportion  per  unit 
of  the  outstanding  amount  of  the  loan  to  be  redeemed  at  the 
next  drawing,  or  in  other  words  the  ratio  of  the  Sinking  Fund 
including  interest  on  bonds  previously  drawn  to  the  out- 
standiug  amount  of  the  loan ;  but  the  particular  result 
l'125a  — ■125(x'  applies  only  at  the  date  of  issue. 
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REPORT    BY    THE    GOVERNMENT   ACTUARY    ON    THE 
FINANCIAL  PROVISIONS  OF  THE  BILL. 

To  The  Rt.  Hon.  Sir  Robert  S.  Horxe,  K.B.E.,  K.C.,  M.P., 
Minister  of  Labour. 

Government  Actuary's  Department, 
"Wellington  House, 

Buckingham  Gate, 

London,  S.W.  1. 
Sir, 

I  have  investigated  the  effect  of  the  financial  jDrovisions  of  the 
Unemployment  Insurance  Bill,  including  the  proposed  conditions  as 
to  contributions  and  benefits,  and  submit  the  following  report 
thereon. 

Number  of  Insured  Persons. 

1.  The  scheme  applies  to  all  employed  persons  under  contract 
of  service  in  Great  Britain  between  16  and  70  years  of  age  with 
certain  exceptions  as  set  out  in  Part  II  of  the  First  Schedule.  The 
principal  of  these  exceptions  are  the  groups  of  persons  employed  in 
agriculture,  in  domestic  service,  in  the  teaching  j^rofession,  in  the 
naval,  mihtary  or  air  ser\ace  of  the  Crown,  in  the  jiermanent  civil 
service  (in  an  established  capacity),  and  in  the  service  of  local  or 
pubUc  authorities,  or  in  that  of  railway  companies  or  other  pubhc 


1920.]  Unempluyment  Insurance  Bill.  73 

companies  engaged  in  statutory  undertakings,  where  the  conditions 
of  service  are  certified  b}^  the  Minister  to  be  such  as  to  render 
insurance  against  unemployment  unnecessary.  Persons  employed 
otherwise  than  by  way  of  manual  labour  and  at  a  rate  of  remuner- 
ation exceeding  £250  a  year  are  also  excepted. 

In  the  case  of  Ireland  the  persons  included  in  the  scope  of  the 
Bill  are  those  employed  in  the  "  Insured  Trades  "  under  the  National 
Insurance  (Unemployment)  Acts,  1911  to  1919. 

The  estimated  numbers  of  employed  persons,  classified  according 
to  Industries,  are  given  in  the  Appendix.  These  numbers  for  the 
most  part  relate  to  October  1919,  and  are  based  upon  statistics 
obtained  in  the  course  of  periodical  investigations  made  by  the 
Board  of  Trade  as  to  the  state  of  employment  in  the  United  King- 
dom, certain  modifications  being  made  to  allow  of  the  risks  of  the 
class  of  General  Labourers  being  separately  treated  in  the  course 
of  the  calculations.  The  data  do  not  distinguish  between  non-manual 
workers  remunerated  at  rates  under  and  over  £250  respectively, 
or  separately  indicate  the  numbers  of  employed  persons  who  are 
over  the  age  of  70.  In  this  respect  the  figures  shown  represent 
a  somewhat  greater  number  of  employed  people  than  would  be 
affected  by  the  Bill  at  the  j)resent  time,  and  some  reduction  should 
be  made.  There  are,  however,  counter-balancing  factors.  In 
the  first  place,  the  Bill  does  not  come  into  operation  till  October 
1920,  and  the  natural  increase  of  the  insurable  population  during  the 
intervening  12  months  must  be  allowed  for.  Secondly,  there  were 
in  October  1919,  considerable  numbers  in  receipt  of  out-of-work 
donation,  or  still  in  the  Forces  and  awaiting  demobilization,  and 
although  the  re-absorption  of  these  groups  in  industry  may  chiefly 
tend  to  fill  up,  directly  and  indirectly,  the  numbers  of  the  two  large 
industrial  sections  which  are  excluded  from  insurance,  namely, 
agriculture  and  domestic  service,  a  substantial  residue  may  be 
expected  to  add  to  the  ranks  of  the  insured  population.  After 
allowing  for  these  factors  it  would  appear  reasonable  to  assume  that 
the  figures  given  above  supply  a  sufiiciently  close  approximation  to 
the  numbers  to  whom  the  scheme  will  apply  on  1  October  1920,  and 
they  have  been  adopted  accordingly. 

The  total  numbers  thus  estimated  to  come  under  the  scheme 
are  as  follows  : 

Men 8,332,900 

Women  3,129,800 

Of  these  numbers,  628,300  men  and  455,900  women  are  estimated 
to  be  between  16  and  18  years  of  age,  and  therefore  subject  to 
reduced  rates  of  benefits  and  contributions. 

2.  The  scheme  provides  for  insurance  through  a  central  Unem- 
ployment Fund  (Clause  12),  but  by  Clause  16  provision  is  made 
for  insurance  through  separate  schemes  in  cases  where  that  method 
appears  to  the  ilinister  to  be  the  more  appropriate,  facilities  being 
given  for  the  establishment  of  schemes  made  by  Joint  Industrial 
Councils  or  associations  of  employers  and  employees,   or  by  the 
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]\Iinister  himself.  The  effect  of  these  provisions  needs  careful 
consideration  from  the  financial  point  of  view,  since  with  a  uniform 
rate  of  contribution  the  immediate  eft'ect  of  segregation  under  separate 
schemes,  where  that  is  resorted  to  in  the  case  of  industries  with  less 
than  the  general  average  amount  of  unemployment,  must  be  to 
reduce  the  income  of  the  central  Unemployment  Fund  to  a  greater 
extent  than  the  liabilities  of  the  Fund  are  diminished.  The  pro- 
visions of  Clause  16  (5)  under  which  the  State  grant  is  fixed  as  a 
maximum  of  30  per-cent  of  the  normal  rate  {i.e.,  one-tenth  of  the 
contributions  of  employers  and  employees  instead  of  one-third)  in 
cases  where  separate  schemes  are  established  emphasize  this  point, 
since  segregation  will  not,  as  a  rule,  be  practicable  unless  the  rate  of 
unemployment  in  an  industry  contemplating  separate  insurance  is 
at  least  15  per-cent  below  the  geneial  average.  While  it  is  impossible 
to  say  to  what  extent  segregation  may  be  resorted  to,  these  con- 
siderations make  it  imperative  that  a  full  estimate  of  its  effect 
should  be  included.  I  am  instructed  that  the  conditions  of  the 
industry  may  bs  expected  to  facilitate  tJie  establishment  of  separate 
schemes  in  the  case  of  certain  large  industrial  groups,  including,  in 
the  aggregate,  rather  more  than  3,000,000  employed  persons,  the 
average  of  whose  estimated  rates  of  unemployment*  is  under  50 
per-cent  of  the  average  of  the  rates  applicable  to  all  industrial 
groups  within  the  Bill.  I  have  accordingly  assumed  that  these 
groups  will  be  outside  the  central  Unemployment  Fund,  while,  for 
somewhat  different  reasons  to  those  which  govern  the  ordinary  case, 
the  Mercantile  Marine  is  expected  to  require  separate  treatment 
(Clause  18)  and  is  also  excluded.  It  may  further  be  assumed  that 
in  some  other  cases  where  industrial  groups  can  be  distinguished 
so  far  as  to  render  possible  the  joint  arrangements  which  Clause  16 
contemplates,  resort  will  be  had  to  the  powers  given  by  this  clause, 
and  I  have  accordingly  added  to  the  numbers  above  stated  514,000 
persons  with  a  very  low  rate  of  unemployment  as  likely  to  go  under 
special  schemes.  I  thus  arrive  at  the  conclusion  that  of  the  employed 
persons  brought  under  the  Act,  7,995,000  will  be  insured  through  the 
central  Unemployment  Fund,  and  3,767,700  through  special  schemes 
set  up  under  the  powers  conferred  by  Clause  16.  The  distribution 
of  the  number  assumed  to  be  insured  through  the  Central  Fund, 
with  reference  to  age  and  sex,  is  as  follows  : 

Men  aged  over  18     5,146,700 

„     „     16  to  18      416,100 

Women  aged  over  18           2,097,500 

.,     16  to  18           334,700 


Total 7,995,000 

The  Income  of  the  Uxemploymext  Fund. 

3.  The  joint  contribution  of  employer  and  workman  is  fixed  by 
the  Third  Schedule  at  6f?.  a  week  for  men  and  bd.  a  week  for  women, 

*  See  paragraph  4  as  to  rates  of  unemployment. 
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these  rates  being  reduced  to  4(Z.  and  M.  respectively  in  the  case  of 
persons  under  18  years  of  age.  The  State  grant  is  fixed  at  one-third 
of  the  contribution  of  employers  and  workpeople,  thus  bringing 
up  the  total  contribution  to  8f/.  a  week  for  men  and  6ff/.  a  week  for 
women.  The  estimated  average  number  of  contributions  payable 
yearly,  after  allowing  for  periods  of  unemployment,  sickness  and 
holidays,  is  46.  The  total  annual  income  of  the  Unemployment 
Fund  from  the  contributions  paid  in  respect  of  the  7,995,000 
emploved  people  estimated  to  be  insured  through  this  Fund  is  ac- 
cordingly £11,246.000,  of  which  £2,812,000  will  be  contributed  by  the 
Exchequer.  In  arriving  at  these  sums  no  deduction  has  been  made 
in  respect  of  the  jjersons  exempted  from  insurance  under  Clause  3, 
and  in  whose  case  employers'  contributions  only,  with  the 
accompamTing  State  grant,  are  payable.  The  experience  of  Health 
Insurance  in  respect  of  corresponding  pro\'isions  shows  that  the 
number  of  exempted  persons  is,  relatively  to  the  total,  negligible, 
and  reductions  both  of  income  and  expenditure  due  to  exemptions 
have  accordingly  been  disregarded. 

The  Income  of  the  Fund  also  includes  the  interest  accruing  from 
the  investments  of  the  Fund  accumulated  under  the  Acts  of  1911  to- 
1919,  amounting  at  the  present  time  to  approximately  £19,000,000. 
The  receipts  from  this  source,  which  are  not  subject  to  Income  Tax, 
amount  approximately  to  £900.000  a  year. 

The  Eate  of  Uxemploymext. 

4.  The  assumed  rate  of  unemployment,  i.e.,  the  average  pro- 
portion of  persons  who  are  unemployed  at  any  time,  is  shown  in 
respect  of  each  Industrial  group  in  the  last  column  of  the  Appendix. 
As  regards  the  "  Old  Insured  Trades  "  the  rate  adopted  in  framing 
the  financial  basis  of  the  Act  of  1911  was  8-6  per-cent,  the  method 
adopted  in  arriA-ing  at  this  rate  being  described  in  the  Actuarial 
Eeport  issued  when  the  Bill  was  before  the  House  of  Commons. 
As  explained  in  my  report  on  the  National  Insurance  (Unemploy- 
ment) Bill,  1919  (Cmd.  439),  I  am  satisfied  from  the  statistics  which 
have  subsequently  become  available  that  the  risk  was  over-valued 
in  1911,  and  I  estimate  that  the  appropriate  rate  for  this  group  of 
trades  is  6-5  per-cent.* 

In  the  case  of  the  other  industrial  groups  the  rates  shown  have 
been  estimated  by  the  Ministry  of  Labour.  WTierever  possible 
these  rates  have  been  based  on  the  mean  annual  percentages  of  Trade 
Union  members  unemployed  as  supplied  to  the  Board  of  Trade  over 
a  prolonged  period,  but  in  some  cases  adjustments  have  been  con- 

*  It  appears  from  the  Actuarial  Report  on  the  Bill  of  1911,  that  in  the 
absence  of  data  as  to  the  rates  of  unemployiiient  in  the  several  branches  of  the 
Building  Trade  the  rate  for  the  whole  trade  was  taken  as  double  the  rate 
appropriate  to  one  branch  of  the  trade,  namely  :  Carpenters  and  Plumbers.  The 
experience  of  the  years  1913—14,  whicli  may  be  taken  on  the  whole  as  sufficient 
to  indicate  the  relations  between  one  branch  of  the  Trade  and  another,  suggests 
that  the  proportion  should  have  been  taken  as  4  to  3,  and  this  proportion  has 
now  been  adopted. 
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sidered  necessary  to  provide  for  the  higher  rates  of  unemploymeiit 
believed  to  prevail  among  workers  outside  the  Trade  Union  member- 
ship, and  for  disturbing  factors  introduced  by  recent  changes  in 
industrial  conditions.  In  view  of  the  high  rate  of  unemployment 
among  general  labourers  and  the  migratory  character  of  this  class, 
an  estimate  has  been  made  of  the  probable  number  of  general 
labourers  employed  in  each  of  the  groups,  and  these  have  been 
deducted  and  treated  as  a  separate  group  subject  to  an  unemploy- 
ment rate  of  10  per-cent. 

In  certain  groups  of  industries  no  information  as  to  the 
experience  of  unemployment  appears  to  be  available,  and  in  these 
cases,  namely  :  Transport  (excluding  Docks  and  Railways),  Clerks 
and  Shop  Assistants  and  Commercial  and  Pubhc  Utility  Services, 
the  rates  submitted  to  me  have  no  statistical  basis,  though  it  is 
evident  that  they  have  been  very  carefully  considered. 

It  is  clear  that,  while  in  order  to  obtain  a  financial  basis  for  the 
scheme  some  estimate  of  the  general  rate  of  unemployment  is 
necessary,  the  material  available  for  the  purpose  is  far  from  satis- 
factory. That  is  inevitable  in  the  circumstances,  and  the  defect  is 
only  to  be  cured  by  the  institution  of  such  a  scheme  of  insurance  as 
is  now  proposed  and  in  connection  with  which  adequate  data  for  the 
study  of  the  subject  will  gradually  be  accumulated.  In  the  present 
uncertainty  I  regard  some  adjustment  of  the  data  supplied  to  me 
by  the  Ministry  of  Labour  as  essential,  and  I  have  accordingly 
added  10  per-cent  to  the  unemployment  rates  of  all  the  industrial 
groups  except  those  representing  the  trades  insiured  under  the 
Acts  of  1911  and  1916.  In  the  result  I  obtain  average  rates  of 
unemployment  in  respect  of  persons  insured  through  the  central 
Unemployment  Fund  of  5-32  per-cent,*  representing  nearly  17 
working  days  per  annum.  It  should  be  clearly  understood  that 
this  is  the  yearly  average  over  a  series  of  years,  i.e.,  a  trade  cycle, 
and  that  no  inferences  as  to  its  validity  can  be  drawn  from  the 
experience  of  single  years,  or  even  of  several  years,  if  these  do  not 
represent  a  complete  cyclical  period. 

It  is  stated  above  that  the  rate  of  unemployment  adopted  in  the 
case  of  the  "  Old  Insured  Trades  "  is  6-5  per-cent,  and  the  general 
average  being  5-32  per-cent,  it  follows  that  as  a  group  the  old  insured 
trades  are  subject  to  a  rate  of  unemployment  about  22  per-cent 
above  the  general  average  of  all  trades  ;  while  fm-ther  analysis 
shows  that  this  rate  is  37  per-cent  above  the  average  of  all  trades 
exclusive  of  their  own  group.  In  view  of  the  pronounced  excess 
in  the  hability  thus  brought  by  the  old  insured  trades  it  becomes  of 
importance  to  consider  how  far  the  contribution  income  of  the  Fund 
from  this  group  is  supplemented  out  of  the  interest  earned  by  the 
present  Fund.  It  is  found  on  investigation  of  the  accounts  that 
of  the  total  Fund,  now  amounting  to  not  less  than  £19,000,000, 

*  It  has  been  considered  advisable  to  assume  a  somewhat  higher  rate  for 
persons  under  the  age  of  18,  in  view  of  the  time  probably  lost  by  many  of  those 
who,  as  this  age  is  approached,  are  excluded  from  juvenile  occupations,  and  pass 
into  adult  employment. 
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the  sum  accumulated  from  the  contributions  paid  in  respect  of  the 
old  insured  trades  is  not  less  than  £16,000,000,  producing  an  interest 
income  of  £750,000.  This  sum  represents  an  annual  payment, 
for  about  2,600,000  persons,  of  nearly  6^.  each,  equivalent  to  an 
addition  of  about  20  per- cent  to  the  contributions  payable  under 
the  Bill.  It  niav  be  assumed  therefore  that  so  lonsc  as  the  existing 
Fund  IS  maintained  intact  its  interest  earnings  viewed  as  a  contri- 
bution made  to  the  common  stock  by  the  old  insured  trades  wiU 
put  those  trades,  in  relation  to  the  general  body,  in  a  not  less 
favourable  position  than  will  be  several  important  groups  now 
brought  into  insurance  for  the  first  time. 

The  Limiting  Provisions  as  to  Benefits. 

5.  The  Second  Schedule  provides  that  benefit  shall  be  payable, 
at  the  rate  of  15^.  for  men  and  12s.  for  women,  for  each  week  in  a 
"  spell "  of  unemployment  following  the  first  week,  subject  to 
certain  limitations  of  which  the  most  important  are  (i)  that  benefit 
shall  not  be  paid  for  more  than  15  weeks  in  any  insurance  year 
and  (ii)  that  no  person  shall  receive  more  unemployment  benefit 
than  is  represented  by  the  proportion  of  one  week's  benefit  for  every 
six  contributions  paid  by  him. 

The  effect  of  the  waiting  week  and  the  limitation  of  benefit  to 
15  weeks  in  any  period  of  12  months*  was  fully  investigated  in  the 
course  of  the  actuarial  enquiry  made  in  connection  with  the  Bill  of 
1911.  The  opinion  was  arrived  at  that  these  limitations  would 
reduce  the  "  benefit  days  "  to  71  per-cent  of  the  days  of  unemploy- 
ment and  the  further  limitation  under  the  "  one-in-five  "  rule  (for 
which  it  is  now  proposed  to  substitute  "one-in-six  ")  was  estimated, 
apparently,  to  reduce  this  proportion  to  about  64  per-cent.  I  have 
myself  made  an  independent  investigation  of  the  subject  from  such 
facts  as  are  available  from  the  working  of  the  Act  of  1911  prior  to 
the  War,  and  have  arrived  at  the  conclusion  that  the  several 
limitations  proposed  will  restrict  the  benefit  days  to  a  figure  between 
60  per-cent,  in  periods  of  good  trade,  when  spells  of  unemployment 
are  relatively  short  as  well  as  relatively  few,  and  70  per-cent  in 
periods  of  bad  trade  when  the  contrary  conditions  prevail.  Material 
for  more  precise  calculation  is  not  at  present  available,  and  for  the 
purpose  of  this  report  I  have  concluded,  therefore,  that  it  will  be 
sufficient  if  payment  of  benefit  in  66|t  per-cent  of  the  estimated 
number  of  days  of  unemployment  is  assumed,  and  have  framed  my 
estimates  accordingly. 

The  Expenditure  ox  Benefits. 

6.  I  thus  estimate  that  the  expenditure  on  benefits  from  the 
Unemployment  Fund  will  be  £10,059,000  per  annum  in  respect  of 

*  The  Act  was  subsequently  amended  to  substitute  "  tlie  insurance  year  "  for 
"  any  period  of  twelve  mouths  ",  thus  increasing  the  liability  to  some  extent. 

t  A  somewhat  larger  percentage  is  assumed  in  the  case  of  persons  under  the 
age  of  18,  in  correspondence  with  the  assumption  of  a  higher  unemployment  i"ate 
at  these  ages. 
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the  7,995,000  persons  assumed  to  be  insured  through  the  Fund. 
This  sum  represents  nearly  22|  million  weeks  of  unemployment,  in 
respect  of  which  benefit  will  be  payable  for  14f  million  weeks. 

The  estimated  expenditure  in  respect  of  the  cost  of  adminis- 
tration, taken  at  10  per-cent  of  the  income  of  the  Fund  (Clause  9), 
is  £1,214,000. 

Provision  is  made  (Clause  28)  for  payment  towards  expenses  of 
insured  persons  in  travelling  to  obtain  employment.  Judging  by 
past  expenditure  under  this  head  a  sum  of  £100,000  a  year  appears 
to  represent  a  reasonable  estimate  of  this  liability,  and  1  have 
adopted  it  accordingly. 

SuMMAEY  or  Income  and  Expenditure. 

7.  The  following  is  a  summary  of  the  estimated  annual  income 
and  the  average  expenditure  of  the  Fund  on  the  basis  of  a  fixed 
number  of  7,995,000  persons  insured  through  the  Fund. 


Receipts. 


4? 


From  contributions  of  Employers         ...  4,217,000 

„     Workers 4,217,000 

„     the  Exchequer...  2,812,000 

From  Interest  on  Investments 900,000 


12,146,000 


Expenditure  {average). 

On  Unemployment  Benefit         10,059,000 

.,  Travelling     Expenses     of     Insured 

Persons       100,000 

„  Costs  of  Administration        1,214,000 


11,373,000 
Surplus  (average) £773,000 

The  scheme  is  thus  estimated  to  show,  on  the  average  of  a  series  of 
years,  a  surplus  of  £773,000  a  year.  This  amount  appears  large,  if 
considered  without  reference  to  the  transactions  to  Avhich  it  relates, 
but  on  being  examined  with  due  regard  to  those  transactions  it  is 
seen  to  represent  no  more  than  a  prudent  provision  for  unforeseen 
contingencies.  It  is  equal  to  something  over  1^  per-cent  of  the 
claims  and  would  be  fully  absorbed  by  a  permanent  rise  in  the  level 
of  the  claims  to  this  comparatively  slight  extent,  having  in  view  the 
fact  that  an  increase  in  the  claims  would  of  necessity  be  accompanied 
by  a  reduction  in  the  receipts  from  contributions. 

8.  The  estimated  surplus  is  subject  to  one  other  qualification. 
If  the  claims  did  not  vary,  but  jesiT  by  year  were  in  agreement  with 
the  average  assumed,  the  surplus  would  be  realized  with  regularity. 
But  in  fact,  the  claims  will  fluctuate,  and  even  though  the  average, 
taken  over  a  series  of  years,  may  accord  with  the  expectation,  the 
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Tiltimate  surplus  of  a  cyclical  period  may  be  considerably  affected  by 
the  course  which  unemployment  has  taken  from  year  to  year.  In 
the  early  part  of  the  period,  if  the  cycle  should  begin  with  employ- 
ment at  its  highest  point,  and  claims  at  a  minimum,  the  existing 
Fund  will  be  increased  and  further  interest  income  will  be  secured 
towards  meeting  the  strain  when  unemployment  is  at  its  maximum. 
If,  on  the  other  hand,  the  maximum  rate  of  unemployment  is  reached 
quickly,  the  Fund  will  be  reduced  for  a  time,  its  interest  income  wiU 
fall,  and  the  estimated  surplus  will  be  diminished  by  this  loss  of 
interest.  Experimental  calculations  indicate  that  if  the  maximum 
rate  of  unemployment  is  deferred  until  the  middle  of  a  trade  cycle, 
while  the  average  rate  over  the  cycle  agrees  with  the  present 
estimates,  the  surplus  shown  above  Avill  be  fully  secured,  but  that  if 
the  maximum  rate  of  unemployment  is  reached  in  the  early  part  of 
the  cycle,  the  ultimate  surplus  may  be  30  to  40  per-cent  below  the 
theoretical  expectation.  It  is  obviously  impossible  to  predict  the 
course  of  a  trade  cycle  or  to  measure  the  extremes  in  the  rate  of 
unemployment  which  wiU  be  touched  in  its  progress  ;  in  this  respect 
the  Fund  is  subject  to  contingencies,  such  as  do  not  operate  in  any 
other  sphere  of  insurance,  and  while  for  practical  purposes  the 
average  conditions  alone  can  be  investigated,  it  is  clear  that  the 
resulting  "  surplus  "  is  not  of  the  same  dejDendable  character  as  the 
surplus  found  on  the  valuation  of  a  life  assurance  comjiany  or  even 
of  a  friendly  society. 

The  Exchequer  Grant. 

9.  The  charge  to  the  Exchequer  in  respect  of  the  central  Un- 
employment Fund  is,  as  shown  above,  £2,812,000,  but  to  this  there 
falls  to  be  added  the  payment  from  public  funds  to  special  schemes 
established  by  Joint  Industrial  Councils  or  associations  of  employers 
and  employees,  or  by  the  Minister,  under  Clause  16.  The  estimated 
maximum  expenditure  under  this  head  is  £410,000,  bringing  up  the 
total  charge  upon  public  funds,  under  the  conditions  assumed,  to 
£3,222,000.  It  is,  however,  to  be  observed  that  if  the  degree  of 
segregation  proves  to  be  lower  than  assumed  in  the  estimates  the 
charge  upon  the  Exchequer  will  be  increased.  If,  for  instance, 
the  number  of  employed  persons  brought  under  special  schemes 
should  be  no  more  than  two  millions  the  cost  to  the  Exchequer 
will,  it  is  estimated,  be  £3,670,000  per  annum  ;  in  this  event  the 
estimates  as  to  the  position  of  the  Central  Fund  would  be  favourably 
affected,  since  the  unemployment  risks  of  all  the  industries  assumed 
to  segregate  are,  as  indicated  in  para.  2,  lower  than  the  general 
average,  and  are  materially  lower  therefore  than  the  average  of  the 
classes  assumed  as  insured  through  the  Central  Fund. 

I  am,  Sir, 

Your  obedient  Servant, 

(Signed)    ALFRED  W.  WATSON. 
23.  December  1919. 
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APPENDIX. 


Estimated  Number  of  Employed  Persons  within  the  scope  of  the  Bill, 
classified  accoiyJing  to  Industries. 


Trade  Group 

Men 

Women 

Total 

Rate 

of      1 

Unem- 

Over 

Ages 

Over 

Ages 

ploy- 

Age 18 

16-18 

Age  18 

16-18 

ment  1 

Trades    insured    under 

1911Act      

2,233,000 

153.700 

208,300 

14,600 

2,609,600 

6-5 

Trades    insured    under 

1916  Act      

620,600 

55,100 

266,900 

45,300 

987,900 

4-0 

Boot  and  Shoe  .. 

78,000 

9,000 

49,400 

9,000 

145,400 

30 

China,      Earthenwaie, 

Glass       and       Mis- 

1 

cellaneous    ... 

72,000 

8,900 

44,900 

6,500 

132,300 

6-0 

Clerks,  Shop  Assistants 

and  Commercial     ... 

1,020,200 

129,800 

860,500 

143,000 

2,153,500 

2-8  1 

Clothing 

99,5U0 

9,500 

338,600 

54,400 

502,000 

6-0  ! 

Docks 

98,000 

2,000 

... 

100,000 

10-0  1 

Food,        Drink        and 

1 

Tobacco 

266,300 

17,700 

181,700 

33.300 

499,000 

40 

Furniture 

133,900 

13,600 

27,600 

9,900 

185,000 

60 

General  Labourers 

190,000 

10,000 

200,000 

10-0  1 

Hotels,    Hoarding 

Houses,  Restaurants 

and  Places  of  Enter- 

1 

tainment 

80,000 

9,000 

237,000 

24,000 

350,000 

2-5  i 

Mercantile  Marine 

241,000 

7,000 

1,000 

249,000 

30 

Mining 

],047,'4UO 

92,600 

8,000 

1,500 

1,149,500 

15 

Paper  and  Printing   ... 

18M00 

18,300 

94,800 

25,200 

322,700 

4-8  , 

Public  Utility  Services 

160,300 

2,000 

5,800 

168,100 

1-0 

Railways 

550,700 

38,300 

34,900 

4,000 

627,900 

10  : 

Textiles — 

Cotton 

146,300 

17,000 

286,900 

37,900 

488,100 

30 

Wool  and  Worsted... 

102,900 

6,9oO 

140,200 

16,800 

266,800 

30 

Other  Textiles 

124,400 

14,600 

159,000 

29,000 

327,000 

3  0 

Transport    (not    Docks 

or  Railways) 

Total     ... 

255,700 

13,300 

28,400 

1,500 

298,900 

6  0 

7,704,600 

628,300 

2,973,900 

455,900 

11,762,700 

...    1 
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REPORT  BY  THE  GOVERNMENT  ACTUARY  UPON  THE 
FINANCIAL  PROPOSALS  OF  THE  BILL. 

To  The  Et.  Hon.  Christopher  Addison,  M.D.,  M.P.,  Chairman 
OP  THE  National  Health  Insurance  Joint  Committee. 

Government  Actuary's  Department, 
Wellington  House, 

Buckingham  Gate, 

London,  S.W.  1. 
Sir, 

In  compliance  with  your  request,  I  submit  the  following  Report 
explanatory  of  the  financial  provisions  of  the  National  Health 
Insurance  Bill,  1920. 

Benefits  and  Contributions. 

1.  Comparing  the  benefits  and  contributions  proposed  in  the 
Bill  with  the  existing  benefits  and  contributions,  the  increase  in  the 
case  of  each  item  is  set  out  in  the  following  table  : 


Men 

Women 

At 
present 

As 

proposed 

Incre.ise 

At 
present 

AS 
proposed 

Increase 

Benefits  : 

S. 

d. 

s.     d. 

s. 

d. 

S.      d. 

s.     d. 

5.      d. 

Sickness,  per  week  ... 

10 

0 

15     0 

5 

0 

7     6 

12     0 

4     6 

Disablement... 

5 

0 

7     6 

2 

6 

5     0 

7     6 

2     6 

Maternity      

30 

0 

40     0 

10 

0 

30    0 

40    0 

10     0 

Annual     charge     upon 

Insurance       Funds 

towards  the  cost  of 

Medical  Benefit    ... 

6 

6 

9     6 

3 

0 

6     6 

9     6 

3     0 

Sanatorium  Benefit 
Weekly  contributiont : 

0 

9 

Nil 

* 

0     9 

Nil 

* 

Employer      

0 

3 

0     5 

0 

2 

0     3 

0    5 

0     2 

Insured  Person 

Total      

0 

4 

0     5 

0 

1 

0    3 

0    4 

0     1 

0 

7 

0  10 

0 

3 

0    6 

0     9 

0     3 

*  The  withdrawal  of  the  sanatorium  benefit  from  the  Act  is  equivalent  to 
the  reduction  of  liabilities  by  9d.  per  annum  for  each  insured  person, 
t  See  paragraph  11  (a)  as  to  the  reduction  of  these  rates  in  Ireland. 

2.  It  is  also  proposed  to  increase  the  yearly  allowances  to  insur- 
ance committees  from  M.  to  4:d.  per  insured  person,    and  with 
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reference  to  the  administration  expenses  of  approved  societies,  I  am 
informed  that  an  amendment  of  the  Regulations  under  section  35  of 
the  Act  of  1911  is  intended,  and  that  the  normal  allowance  for  this 
purpose  will  be  increased,  as  from  1st  January  1920,  from  -Ss.  bd.  a 
year  to  4s.  bd.  The  additional  contributions  for  which  the  Bill 
provides  have  regard  to  the  liability  in  respect  of  these  increases. 

The  Relative  Values  of  Benefits  and  Contributions. 

3.  The  Bill  provides  for  a  State  contribution  of  two-ninths  of 
the  cost  of  benefits  (including  the  expenses  of  administration  of 
approved  societies  and  insurance  committees),  and  seven-ninths  of 
the  expenditure  therefore  falls  to  be  provided  from  the  contributions 
of  insured  persons  and  their  employers.  The  values  of  the  liabilities 
and  of  the  contributions  applicable  thereto  have  been  actuarially 
calculated,  in  respect  of  persons  entering  into  insurance  at  the  age  of 
16,  on  the  basis  prescribed  for  the  valuations  of  approved  societies  by 
the  National  Health  Insurance  (Valuation)  Regulations,  1919 
(S.  R.  &  0.  1919,  No.  1119),  and  the  contribution  appropriate  to  each 
item  of  the  liabilities  is  found  to  be  as  follows  : 


Men                              Women 

Weekly  Contribution  for  ^  Benefits  : 

Sickness  Benefit 

Disablement  Benefit          

Maternity  Benefit ... 

Medical  Benefit 

Expenses  of  Administration 

d. 

3-02 
111 

•68 

1-92 

•94 

d. 
2-68 

•92 

•49 
2-01 

■98 

Total     

1 
7|<i.  =  7-67        ;    7tW.  =  7^08 

The  contributions  payable  in  respect  of  women  provide  for 
insurance  until  marriage  in  the  case  of  all  women,  for  the  continuance 
of  insurance  in  the  case  of  those  women  who  remain  in  emplo}Tnent 
after  marriage,  and  for  special  benefits  (section  22  of  the  National 
Health  Insurance  Act,  1918,  as  extended  by  the  Bill*)  to  which 
women  who  give  up  employment  on  marriage  are  entitled  for  a 
limited  period  after  the  payment  of  contributions  in  respect  of  their 
insurance  has  ceased.   ■ 

4.  By  section  55  of  the  Act  of  1911,  as  amended  by  section  1(1) 
of  the  Act  of  1918,  the  Insurance  Commissioners  were  required  to 
retain  from  each  contribution  l|c?.  in  the  case  of  a  man  and  \^d. 
in  the  case  of  a  woman,  for  the  redemption  of  reserve  values,  and  by 
section  1  (2)  of  the  Act  of  1918  it  was  provided  that  from  these 


*  The  weekly  rate  of  sickness  benefit  payable  in  these  cases  is  increased  by 
the  BUI  from  5s.  to  7s.  M.  ;  maternity  benefit  is  similariy  increased  from  30s. 
to  40s. 
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amounts  there  should  be  carried,  in  assigned  proportions,  {,d.  in  the 
case  of  a  man,  and  ^d.  in  the  case  of  a  woman  to  the  Contingencies 
Funds  of  societies  and  the  Central  Fund  created  by  that  Act.  Under 
the  altered  conditions  set  up  by  the  Bill  it  is  necessary  to  provide 
larger  contributions  for  these  funds  and  also  for  the  redemption  of 
reserve  values,  the  increase  corresponding  approximately,  in  each 
case,  with  the  addition  made  to  the  money  benefits.  The  Bill 
accordingly  provides  that  the  retained  sums  shall  be  increased 
respectively  from  l^d.  to  2\d.  and  from  l\d.  to  l\\d.  The  appor- 
tionment of  the  full  contribution  of  lOfZ.  (men)  and  9c?.  (women)  is 
thus  as  follows  : 


Meu         1      Women 

1 

To  Benefit  Fund  (including  administration) 
,,  Contingencies  Fund  and  Central  Fund 
„  Redemption  of  Reserve  Values... 

d. 

f 
If 

d. 

7tV 
I 

Total 

\0d. 

9d. 

It  is  to  be  observed  in  respect  of  these  contributions  that,  taking 
the  insured  population  as  a  whole,  they  contain  no  margin  other  than 
that  provided  by  the  Contingencies  Funds,  the  purpose  of  which  is 
to  protect  the  Benefits  Funds  of  societies  against  the  consequences  of 
deficiency.  Any  addition  to  the  benefits  or  other  charges  on  the 
funds  of  approved  societies  in  excess  of  the  present  proposals  would 
therefore  require  a  corresponding  addition  to  the  income  of  the 
Insurance  Funds,  as  proposed  by  the  Bill,  or  a  corresponding 
modification  of  the  benefits  or  charges  in  other  directions. 

5.  The  contributions  shown  above  as  payable  to  the  Benefit 
Fund  (namely,  7ffZ.  men,  7yVc?.  women)  provide,  as  stated,  for 
seven-ninths  of  the  normal  benefits  in  the  case  of  an  entrant  at  age  16, 
and  the  full  value  of  the  normal  benefits  to  which  such  a  person  is 
entitled  is  therefore,  as  nearly  as  possible,  lOd.  in  the  case  of  a  man 
and  9fZ.  in  the  case  of  a  woman.  The  normal  benefits  in  the  case  of  a 
person  entering  at  age  16  are  thus  of  equal  value  with  the  contri- 
butions, and  it  follows  that  the  State  grant  of  two-ninths  of  the 
benefits  counterbalances  the  charge  made  upon  new  entrants  in 
respect  of  both  the  Contingencies  Fund  and  the  redemption  of 
reserve  values.  But  since  seven-eighths,  at  least,  of  the  contributions 
paid  to  the  Contingencies  Fund  remains  with  societies  as  an  additional 
provision  for  expenditure  on  benefits,  to  be  appUed  either  in  the  reduc- 
tion of  a  deficiency  which  otherwise  would  involve  a  diminution  of 
benefits  or,  if  not  required  for  this  purpose,  in  the  provision  of 
additional  benefits,  this  contribution,  with  the  accompanying  State 
grant,  must  be  regarded  as  available  for  the  persons  in  respect  of 
whom  it  is  paid.  _  Further,  in  the  case  of  women,  the  Act  of  1918 

G  2 
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provides  for  a  special  State  grant  now  estimated  to  amount,  at  tlie 
maximum,  to  £280,000  per  annum  through  the  medium  of  the 
Women's  Equalization  Fund.  In  view  of  the  additions  to  be  made 
to  the  benefits,  it  is  proposed  bv  the  Bill  to  increase  this  grant  by 
25  per-cent,  i.e.,  to  an  estimated  maximum  (on  existing  numbers)  of 
£350,000,  a  sum  which,  allowing  for  the  State  grant  of  two-ninths 
of  the  expenditure  to  which  it  is  related,  represents  an  effective 
grant  of  £450,000,  or  of  about  one  halfpenny  per  insured  woman  per 
week.  The  full  value  of  the  benefits  provided  to  an  entrant  of 
16  years  of  age,  apart  from  such  provision  as  may  be  made  by  the 
Central  Fund  in  cases  of  exceptional  deficiency  on  valuation,  is 
therefore  the  equivalent,  in  the  case  of  a  man,  of  10-6(Z.  per  week, 
as  against  a  contribution  of  10(7.,  and  in  the  case  of  a  woman  of 
\()-\d.  as  against  a  contribution  of  9(Z. 

The  foregoing  figures  relate,  as  stated,  to  the  position  of  an 
entrant  at  age  16.  In  the  case  of  persons  at  present  in  insurance 
the  value  of  the  benefits  is  considerably  higher,  the  additional 
liability  being  provided  for  by  the  reserves  already  accumulated 
(including  with  these  the  reserve  values  credited  under  Section  55 
of  the  Act  of  1911)  and  by  the  new  reserve  values  to  be  credited 
after  the  passing  of  the  Bill  {see  paragraph  10  below). 


The  Number  of  Insured  Persons. 

6.  In  view  of  the  changes  in  the  industrial  population  due  to  the 
war  it  is  a  matter  of  some  difficulty  to  estimate  at  the  present  time 
the  number  of  persons  who  will  be  within  the  scope  of  the  National 
Health  Insurance  Acts  on  5  July  1920,  but  according  to  the  best 
calculation  of  which  the  case  admits  it  would  appear  that  the  number 
of  such  persons  will  be  15,850,000,  of  whom  10,850,000  will  be  men 
and  5,000,000  women.  The  distribution  of  these  numbers  between 
the  several  parts  of  the  United  Kingdom,  and  between  approved 
societies  and  the  class  of  deposit  contributors,  is  as  follows  : 


Country 

M 

EN 

Women                       ' 

1 

Approved 
Societies 

Deposit 
Contributors 

Approved 
Societies 

Deposit        1 
Contributors 

England  ... 
Scotland ... 
Ireland    ... 
Wales       

8,300,000* 

1,130,000 

490,000 

630,000 

250,000 
30,000 
10,000 
10,000 

3,920,000 
530,000 
260,000 
140,000 

125,000 
15,000     : 
5,000     1 
5,000 

i 

United  Kingdom 

10,550,000 

300,000 

4,850,000 

150,000     ! 

*  Including  persons  entitled  to  benefits  out  of  the  Xarr  and  Armv  Insurance 
Fund. 
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COXTRIBUTIOXS    FROM    EMPLOYERS    AND    IxSURED    PeRSOXS. 

7.  The  estimated  amount  of  contributions  payable  under  the 
present  Acts  in  respect  of  the  number  of  insured  persons  above  shown 
is  £20,525,000  per  annum,  and  the  addition  of  M.  per  week  in  the 
joint  contribution  of  employer  and  employee  (in  Ireland  2\d.) 
proposed  by  the  Bill  increases  this  sum  to  £29,750,000.  The 
apportionment  of  these  sums  between  the  several  parts  of  the  United 
Kingdom  and  between  employers  and  insured  persons  is  as  follows  : 


Contributions. 


i 

At  present 

As   PROPOSED 

Increase 

\    Country 

E-Ploye-        ^"e^ns 

E-Ployers'      \-:Z.\ 

Employer.s 

Insured 
Persons 

!  England 
Scotland 
Ireland 
Wales 

£                £ 

7,388,000     9,082,000 

1,002,000      1,232,000 

373,000        397,000 

462,000        589,000 

£                   £ 

12,314,000   11,545,000 

1,670,000     1,566,000 

596,000        546,000 

770,000        743,000 

£ 

4,926,000 

668,000 

223,000 

308,000 

£         I 

2,463,000  ! 

334,000 

149,000 

154,000 

'■  United 
■  Kingdom 

9,225,000   11,300,000 

15,350,000   14,400,000 

6,125,000  3,100,000 

Notes. — (1)  The  normal  division  of  the  contributions  is  varied  in  respect 
of  low-wage  earners,  the  emplo3'ers  pajing  more  and  the 
insured  persons  less,  with,  in  some  cases,  a  State  grant  of 
\d.  a  week.  In  the  absence  of  information  as  to  the  number 
of  persons  faUing  \\ithin  this  category,  which  in  any  event 
must  in  present  circumstances  be  xevy  small,  no  account 
has  been  taken  of  this  provision  in  estimating  the  respective 
totals  of  contributions  paj'able. 

(2)  For  the  purpose  of  this  Table  the  number  of  contributors  is 

taken  as  350,000  fewer  than  the  number  of  insured  persons, 
this  difference  representing  persons  who,  having  left  insur- 
able employment,  remain  entitled  to  benefits  for  the  ensuing 
twelve  months.  Women  who  have  left  emploj^ment  on 
marriage  constitute  a  large  proportion  of  this  number. 

(3)  In  view  of  the  very  small  number  of  voluntary  contributors  it 

has  been  assumed  in  the  preparation  of  this  table  that  all 
insured  persons  are  employed  contributors. 


Expenditure  ox  Bexefits. 


8.  In  proceeding  to  estimate  the  present  expenditure  on  benefits 
for  which  the  Bill  provides,  certain  assumptions  have  been  made. 
These  are  as  follows  : 

(i)  That  the  present  distribution  of  the  membership  of  approved 
societies  with  reference  to  age  accords  with  the  distribution 
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obtained  by  tabulating  the  claims  made  by  societies  for 
Eeserve  Values  in  respect  of  entrants  into  insurance  in 
1912. 

[The  age  distribution  existing  at  31  December  1918 
will  be  ascertained  when  the  valuations  of  approved 
societies,  now  proceeding,  are  completed.  It  is  not  expected 
that  this  will  differ  sufficiently  from  the  figures  relating  to 
1912  to  affect  materially  such  an  estimate  as  is  here 
presented.] 

(ii)  That  the  claims  upon  approved  societies  in  each  part  of  the 
United  Kingdom  will  be  in  accordance  with  the  tables 
adopted  as  the  basis  of  valuation,  due  regard  being  had  to 
the  ages  of  insured  persons  in  each  such  part,  and,  in  the 
case  of  women,  to  the  relative  number  of  unmarried  and 
married  persons  and  to  the  additional  provision  made  for 
benefit  expenditure  out  of  the  Women's  Equalization  Fund. 

(iii)  That  the  claims  of  deposit  contributors  for  sickness,  dis- 
ablement and  maternity  benefits  will  be  in  accordance 
with  the  past  experience  in  respect  of  this  class. 

Subject  to  these  conditions  the  expenditure  in  the  year  beginning 
5  July  1920,  for  which  provision  is  made,  is  estimated  to  amount 
under  the  present  Acts,  to  £20,357,000,  and  under  the  provisions  of 
the  Bill  to  £28,653,000.  The  distribution  of  these  amounts  between 
several  the  parts  of  the  United  Kingdom  and  between  the  membership 
of  approved  societies  (distinguishing,  in  this  connection,  between  men 
and  women)  and  deposit  contributors  is  shown  in  the  statement 
given  on  page  9.  It  should  be  explained  that  the  figures  of  expen- 
diture given  in  this  paragraph  refer  only  to  payments  derived  from 
the  contributions  (with  the  reserve  values)  and  the  related  State 
grant.  The  additional  payments  made  by  the  Exchequer  by  way 
of  grants-in-aid  in  respect  of  medical  benefit  and  analogous  services, 
as  referred  to  in  paragraph  9  below,  are  not  included.  As  indicated 
in  paragraph  1  above,  it  is  proposed  by  the  Bill  that  the  expenditure 
on  medical  benefit  (apart  from  these  special  grants-in-aid),  for 
which  6s.  6(Z.  a  year  for  each  insured  person  was  provided  in  the 
finance  of  the  Act  of  1911,  should  be  statutorily  fixed  at  9s.  6f/. 

Exchequer  Grants. 

9.  The  statement  given  on  page  10  shows  the  estimated  liabilities 
of  the  Exchequer  under  the  present  and  the  proposed  conditions,  in 
respect  of  the  first  complete  year  over  which  the  new  scale  of  benefits 
wall  operate,  the  calculations  being  subject  to  the  assumptions 
named  in  paragraph  8  above. 

Under  the  Act  of  1911  the  State  proportion  of  benefits  (including 
expenses  of  administration)  is  fixed  at  two-ninths  in  the  case  of  men 
and  one-quarter  in  the  case  of  women.  A  uniform  grant,  in  future, 
of  two-ninths  (22-2  per-cent),  applicable  to  both  men  and  women,  is 
proposed  by  the  BiU  {see  paragraph  3  above),  and  in  the  case  of 


1920.]  National  Health  Insurance  Bill,  1920.  87 

Avomen  the  effect  of  adding  the  Women's  Equalization  Fund,  which 
was  created  by  the  Act  of  1918  and  is  now  to  be  augmented,  will  be 
to  make  the  State  gxant  26 "5  per-cent  of  the  benefits. 

The  total  amount  of  the  charge  under  present  conditions  is 
£5,170,000,  and  under  the  new  conditions  proposed  bv  the  Bill 
£6,942,000. 

These  sums  include  the  normal  State  grant  in  respect  of  medical 
benefit,  but  not  the  further  sums  in  respect  of  medical  benefit  which 
have  been  voted  as  grants-in-aid  under  the  authority  of  section  1  of 
the  Act  of  1913.  The  amount  of  these  grants  in  1919  was  about 
£3,100,000,  and  the  corresponding  charge  in  the  immediate  future 
will  depend  upon  the  issue  of  the  arbitration  between  the  Government 
and  the  medical  profession  now  pending. 

Separate  figures  are  given  for  the  State  grant  in  respect  of  each 
part  of  the  United  Kingdom,  save  in  regard  to  the  Women's 
Equalization  Fund  and  the  Central  Fund,  which  are  common  to  the 
whole  country  and  are  under  the  control  of  the  National  Health 
Insurance  Joint  Committee. 

Kedemptiox  of  Eeserve  Values. 

10.  To  meet  the  increase  of  Liabilities  made  by  the  BiU  in  respect 
of  their  existing  members,  approved  societies  will  require  supple- 
mentary reserve  values  which,  it  is  estimated,  will  amount  in  all  to 
about  £45,000,000.  At  5  July  1920,  the  date  at  which  it  is  proposed 
to  bring  the  amending  Act  into  operation,  the  existing  reserve 
values  then  unredeemed  will  amount  to  about  £65,000,000.  The 
total  sum  to  be  redeemed  will  thus  be  about  £110,000,000,  and  it  is 
estimated  that  the  weekly  contributions  proposed  to  be  applied  to 
the  Sinking  Fund  (namely,  IffZ.  men,  lj%(?.  women)  will  produce  a 
sufficient  income  to  complete  the  redemption  in  about  35  years. 
The  aggregate  income  available  for  this  purpose  in  the  first  complete 
year  under  the  new  conditions  will  amount  to  about  £4,800,000,  of 
which  £3,300,000  will  be  required  for  interest,  leaving  £1,500,000  to 
be  applied  towards  the  reduction  of  the  outstanding  liability. 

In  this  connection  it  should  be  observed  that  the  redemption 
period  is  dependent  to  some  extent  upon  the  purposes  to  which  any 
surplus  accumulating  in  the  Reserve  Suspense  Fund  set  up  under 
section  15  of  the  National  Health  Insurance  Act,  1918,  may  be 
applied.  If  surplus  balancoc  in  this  Fund  are  appropriated  to  the 
redemption  of  reserve  values  which,  having  regard  to  the  constitution 
of  the  Fund,  woidd  appear  to  be  their  proper  use,  the  period  of  the 
Sinking  Fund  may  be  materially  shortened. 

Miscellaneous  Questions. 

11.  The  changes  made  in  the  Bill  in  respect  of  the  following 
classes  require  only  brief  explanation  : 

(a)  Persons  resident  in  Ireland. — ^Medical  benefit  is  not  provided 
in  Ireland,  but  the  Bill  provides  for  the  retention    of  sanatorium 
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benefit  in  that  country.  Setting  off  the  annual  charge  for  this 
benefit,  namely,  \s.  2>d.  per  insured  person  (including  domiciliary 
treatment),  against  the  relief  of  liability  in  respect  of  medical  benefit, 
there  is  a  net  annual  saving  of  8s.  3(Z.  per  insured  person,  which 
allows  of  a  reduction  of  contributions  by  2d.  a  week.  The  appro- 
priate rate  of  contribution  in  Ireland  is  accordingly  8(Z.  for  a  man,  or 
Id.  for  a  woman,  and  the  Bill  j^rovides  for  the  payment  of  these 
amounts,  the  contributions  of  employer  and  employee  being  respec- 
tively Id.  a  week  less  than  in  the  other  parts  of  the  United  Kingdom. 

(6)  Insured  Persons  serving  in  H.M.  Forces. — While  an  insured 
person  is  serving  with  the  colours,  contributions  are  required  in 
respect  of  him  firstly  to  provide  for  the  cost  of  maternity  benefit 
and  his  share  of  his  society's  expenses  of  administration  while  he  is 
serving,  and  secondly  to  build  up  a  reserve  of  such  an  amount  as  to 
secure  that  when  he  resumes  full  insurance  on  discharge,  his  society 
will  be  able  to  meet  its  liabilities  to  him  without  incurring  loss. 
The  present  rate  of  contribution  in  respect  of  serving  men  is  3(/.  a 
week,  but,  having  regard  to  the  increased  benefits  conferred  under  the 
Bill,  it  is  found  to  be  necessary  to  increase  the  contribution  to  4Jf/. 
a  week.  The  Bill  provides  that  no  part  of  this  contribution  shall  be 
deducted  from  the  man's  pay. 

(c)  Seamen  employed  on  Foreign-going  Ships. — The  Act  of  1911 
makes  special  provision,  rendered  necessary  by  the  circumstances 
of  the  employment,  as  to  the  contributions  and  benefits  of  certain 
classes  of  the  mercantile  marine.  Under  conditions  defined  by 
section  48  of  the  Act,  as  amended  in  subsequent  statutes,  the  right 
to  sickness,  disablement  and  medical  benefits  is  limited,  broadly,  by 
the  period  during  which  the  insured  person  is  resident  in  the  United 
Kingdom,  and  while  fewer  than  the  normal  contributions  are 
required  to  be  paid  to  maintain  full  benefits  the  rate  of  contribution 
is  also  reduced  by  Id.  a  week.  It  is  found  that  under  the  proposed 
new  conditions  this  reduction  should  be  2d.  a  week,  and  provision  is 
made  by  the  Bill  to  this  effect. 

I  am,  Sir, 

Your  obedient  Servant, 

(Signed)    ALFRED    W.  WATSON. 
1  March  1920. 

[Statemeuts  of  estimated  Expenditure  on  Benefits  and  of  Exchequer  Grants. 
See  pp.  89  and   90.] 
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LEGAL   NOTES. 

By  William   Charles  Sharman,  F.LA.,  Barrister-at-Latv. 

Presumption  1  HE  case  of  Grsig  V.  The  Trustees  of  the  IVidous' 
of  death.  ^^^^^^  ^j,  ^^^  Company  of  Merchants  of  the  City  of 

Edinburgh,  reported  (]919)  W.C.  and  Ins.  Rep.  170,  was  an 
action  by  Mrs.  Agnes  Douglas  or  Greig  against  the  trustees 
of  the  Widows'  Fund  of  the  Company  of  Merchants  of  the 
City  of  Edinburgh  (1)  fo;-  declarator  that  her  husband,  David 
Greig,  Junior,  a  contributor  to  the  defenders'  Widows'  Fund, 
must  be  presumed  to  have  died  prior  to  31  December  1900, 
and  that  the  pursuer,  as  his  widow,  was  entitled  to  an  annuity 
of  £40  out  of  the  said  fund,  and  (2)  for  decree  ordaining  the 
defenders  to  make  payment  to  the  pursuer  of  the  annuity  of 
£40  as  from  Whitsunday  1901. 

The  facts  are  briefly  as  follows  :  The  pursuer's  husband 
was  born  in  1857,  and  the  marriage  took  place  in  1879.  The 
marriage  proved  unhappy,  and  in  1896  the  pursuer  obtained 
a  decree  of  judicial  separation  from  her  husband  on  account 
of  his  cruelty,  and  a  decree  for  payment  of  aliment.  He  was 
never  able  to  make  any  payment  to  the  pursuer  under  the 
said  last  mentioned  decree  either  for  aliment  or  for  expenses. 
He  left  Edinburgh  shortly  after  the  decree  and  lived  a  vagrant 
life,  and  was  never  heard  of  after  1900.  The  pursuer  believed 
and  averred  that  he  was  dead  and  that  he  probably  died 
about  the  year  1 900  as  a  pauper  without  his  identity  having 
been  known  or  discovered.  The  register  of  deaths  had  been 
searched  for  the  years  from  1896  to  1914  in  Scotland,  and 
from  1898  to  1917  in  England  and  Wales,  but  no  entry  was 
found  relating  to  the  pursuer's  husband.  The  defenders 
pleaded  that  the  pursuer's  averments  were  irrelevant  and 
insufficient  to  support  the  summons,  which  should  be  dismissed, 
and  that  the  presumption  of  life  at  common  law  had  not  been 
displaced. 

The  Lord  Ordinary  (Blackburn)  in  dismissing  the  action, 
said  :  "  Had  this  been  an  application  under  the  Presumption 
"  of  Life  Limitation  (Scotland)  Act,  1891,  the  mere 
"  disappearance  of  the  pursuer's  husband  for  18  years  would 
"  have  entitled  the  Court  to  presume  that  he  had  died  at  least 
"  as  far  back  as  the  year  1907.  But  this  case  appears  to  be 
"  one  of  those  which  a.re  expressly  excluded  from  the 
"  provisions  of  the  Act  by  the  terms  of  Section  11   thereof. 
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which  provides  that  anyone  claiming'  under  a  policy  of 
assurance  on  the  life  of  a  person  who  has  disappeared  must 
in  a  question  with  the  insurers  prove  the  death  of  the  person 
who  is  insured  in  the  same  manner  as  if  the  Act  had  not 
been  passed.  Be  that  as  it  may,  the  question  in  this  case  is 
raised  in  a  common  law  action,  and  the  presumption  at 
common  law  is  that  a  person  who  has  disappeared  is 
presumed  to  continue  in  life  until  he  would  have  reached 
the  ordinary  limit  of  human  age,  unless  sufficient  evidence 
is  adduced  to  raise  a  presumption  that  he  has  died  within 
that  period.  It  is  not  sufficient  to  prove  that  the  person 
disappeared  at  a  certain  date,  and  that  there  is  a  '  general 
probability'  that  he  is  dead, but  his  disappearance  must  be 
associated  with  some  particular  incident  which  might  involve 
a  more  than  ordinary  risk  to  life,  and  which  coupled  with 
iinaccountable  silence  on  his  part  since  the  date  of  the 
incident,  raises  a  presumption  that  he  died  on  or  about  that 
date.  .  .  .  The  pursuer's  averments  amount  to  nothing 
more  than  a  statement  that  her  husband  has  disappeared, 
coupled  with  a  '  general  probability  '  that  he  is  dead.  I  do 
not  think  that  they  are  strengthened  by  the  somewhat  vague 
averment  that  her  husband's  friends  and  relations  are 
satisfied  that  he  is  dead.  It  appears  to  me  that  these 
averments  fall  far  short  of  what  is  requisite  to  elide  the 
common  law  presumption,  and  that  something  more  specific 
is  required  to  enable  the  Court  to  presume  that  he  is  dead. 
The  pursuer's  inference  that  her  husband  has  probably  died 
as  an  unidentified  pauper  appears  to  me  to  be  less  plausible 
than  the  suggestion  of  the  defenders,  that  he  had  good 
reasons  for  concealing  himself  from  his  wife  when  he  found 
that  he  could  g'et  nothinj?  more  out  of  her.  It  is  not 
impossible  that  he  may  have  married  again,  which  would 
provide  the  best  of  reasons  for  concealing  himself  from  her 
and  his  former  friends  and  associates.  Under  these 
circumstances  it  appears  to  me  useless  to  allow  the  pursuer 
a  proof  on  the  record  as  it  stands." 


The  case  of  Turton  v.  O'Brien,  7  Tax  Cases  170, 
^om^Jatfonif    dcals  with  a  claim  for  allowance  for  Income  Tax 

future  premiums  .  c  i  •  J      • 

not  allowable      purposcs  lu  respcct  01  a  lump  sum  paid  m  com- 
as a  deducetion      11  1^  i  i 

p°i!r?08er^"    mutation     of    a    portion    of     the    future    annual 
premiums  payable  under  a  policy  of  life  assurance. 
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The  case  was  stated  by  the  Cornmissioners  for  the  general 
purposes  of  the  Income  Tax  Acts  for  the  opinion  of  the  High 
Court,  and  the  facts  are  as  follows  : 

The  appellant  had  effected  an  insurance  in  1896  with  the 
Clergy  Mutual  Assurance  Society  for  an  annual  premium  of 
£19.  Is.  Qd.  Certain  bonuses  were  applied  in  reduction  of 
tlie  premium  with  the  result  that  in  1917  it  stood  at 
£13.  105.  lOd.  On  28  November  1917  the  Society  offered  to 
commute  that  annual  jDremium  and  all  future  annual  premiums 
for  four  annual  payments  of  £33.  16.s-.  7d.  each.  The 
appellant  did  not  accept  this  offer,  but  on  4  January  1918  it 
was  arranged  that  he  should  pa}'  to  the  Society  the  sum  of 
£31.  5s.  \0d.,  namely,  the  sum  ol  £20  as  a  commutation 
payment  in  lieu  of  £2.  5s.,  part  of  the  annual  premium  of 
£13.  10s.  lOd.,  as  from  1  December  1917,  and  the  sum  of 
£11.  5s.  lOd.,  being  the  reduced  annual  premium  payable  on 
1  December  1917  in  respect  of  the  said  policy. 

The  appellant  contended  that  under  Section  54  of  the 
Income  Tax  Act,  1853,  and  Section  17  (1)  of  the  Finance  Act, 
1915,  interpreted,  as  he  submitted,  by  the  decided  case  of 
Hunter  v.  The  King  (1904)  A.C.161,  5  Tax  Cases  13,  he  was 
entitled  to  allowance  on  any  sum  which  in  any  year  he  had 
actually  paid  out  of  his  own  pocket  to  the  Insurance  Company, 
whether  termed  premium  for  that  year  or  by  whatever  other 
name  designated,  so  long  as  it  did  not  in  each  year  exceed 
one-sixth  of  his  net  income  and  since  1915,  seven  per-cent  of 
the  sum  assured,  and  that  if  he  paid  more  one  year  he 
naturally  paid  less  the  next. 

The  respondent,  on  behalf  of  the  Crown,  contended  {inter 
alia)  that  the  words  "  annual  premium  paid  "  or  "the  annual 
sum  paid  "  under  Section  54  of  the  Income  Tax  Act,  1853, 
were  not  altered  by  the  words  used  in  Section  17  (1)  of  the 
Finance  Act,  1915,  and  that  the  latter  Act  limited  the 
allowance  granted  under  the  Act  of  1853,  and  that  the 
appellant  was  entitled  only  to  allowance  of  the  amount  paid 
as  annual  premium. 

The  Commissioners  decided  to  refuse  the  claim  for 
allowance  of  the  payment  of  £31.  5s.  lOd.,  but  allowed 
£13.  10s.  lOd.,  being  £11.  6s.  lOd.  reduced  premium  and  the 
£2.  5s.,  the  part  of  the  previous  premium  commuted. 

Kowlatt,  J.,  in  giving  judgment  in  favour  of  the  Inland 
Revenue,  said  :    "  The  case  turns  upon  Section  54  of  the  Act 
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of  1853j  and  that  says  that  premiums  on  policies,  and 
annual  sums  paid  or  deducted  to  secure  deferred 
annuities    and  so   on,  shall  be  deductible  for  Income  Tax 

purposes The  point  of  the  whole  thing  is  that 

it  must  be  a  payment  of  an  annual  character,  because  the 
whole  basis  of  the  commercial  transaction  which  this  Act  is 
contemplating  is  that  there  should  be  a  payment  of  an 
annual  character.  The  position  is  that  a  man  has  an 
uncertain  time  to  live,  but  that  the  probability  of  his  life 
can  be  estimated  if  you  take  a  sufficient  number  of  cases. 
Therefore  it  becomes  commercially  possible  to  agree 
future  benefits  in  respect  of  a  series  of  payments  which  need 
not  be  the  same  every  year,  in  amount,  but  it  must 
essentially  be  a  scheme  of  payments  to  be  spread  ofer  a 
certain  number  of  years,  because  the  probability  of  those 
years  being  lived  out  or  not  is  only  one  of  the  elements 
which  go  to  the  calculation  of  the  amount.  Now  Section  17 
of  the  Finance  Act,  1915,  says  :  '  in  respect  of  any  premiums 
or  other  payments  payable  on  a  policy  for  securing  a  capital 
sum  on  death.'  This  Section  does  not  add  a  new  payment 
to  the  category  in  Section  54  of  the  Act  of  1853,  but  it  is 
dealing  only  with  payments  which,  apart  from  this  Act  of 
1915,  would  be  within  that  Section  54.  Therefore  it  is  only 
dealing  with  payments  which  are  annual  payments  upon  the 
actuarial  basis,  an  actuarial  basis  such  as  I  have  been 
endeavouring  to  describe.  If  the  payment  is  a  commutation 
payment  and  therefore  is  nothing  in  the  nature  of  an  annual 
premium  or  payment — not  an  insurance  payment  at  all,  but 
a  commutation  in  order  to  bring  the  insurance  adventure  to 
an  end  so  far  as  the  liability  of  the  assured  is  concerned — 
then  it  is  not  a  payment  to  which  this  new  section  has  any 
relation  at  all.  I  have  no  alternative  but  to  dismiss  the 
appeal  with  costs.'' 


The  conditions  in  a  policy  of  life  assurance  govern- 
^miJ^sare  iug  tlic  paymciit  of  premiums  were  considered  in 
dates  or  at  end    the    caso    of    McKenuci    V.    Citu    Life    Assurnjice 

of  days  of  grace.  _  ^  •/ 

Cow.pmiy.     The  case  is  reported  (1919)  K.B.  491. 
The   facts   are    as    follows :    A   policy    of    life    assurance 
provided  that  the  premiums  were  to  be  "  payable  on  or  before 
the  last  day  of  January,  April,  July  and  October"  in   each 
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year.  By  tlie  conditions  attached  it  was  provided  that 
"  Thirty  days  of  grace  without  liability  to  fine  are  allowed 
"  for  the  payment  of  each  renewal  premium  " ,  and  that  "  any 
"  policy  which  has  acquired  a  surrender  value  will  not 
"  immediately  lapse  if  a  renewal  premium  be  not  paid  within 
"  the  days  of  grace,  but  will  be  kept  in  force  for  twelve 
"  calendar  months  from  the  date  upon  which  the  last  premium 
"  became  due",  subject  to  payment  of  the  arrear  premiums 
and  interest  within   that  period.     The  premium   payable  on 

30  April  1915  was  paid.  At  that  date  the  policy  had 
acquired    a    surrender    value.       The    premium    payable    on 

31  July  1915,  and  all  subsequent  premiums  were  unpaid. 
On  7  August  1916  the  plaintiff,  who  was  assignee  of  the 
policy,  with  the  object  of  keeping  the  policy  on  foot,  offered 
to  pay  to  the  insurers  the  premiums  then  in  arrear,  contending 
that  the  twelve  months  mentioned  in  the  conditions  ran  from 
the  last  of  the  days  of  grace,  but  the  insurers  refused  to 
accept  the  premiums. 

Scrutton,  L. J., held  that  the  last  premium  "became  due  '' 
on  the  date  specified  in  the  policy  as  that  on  or  before  which 
it  was  payable — namely,  31  July  1915;  that  the  offer  on 
7  August  1916  to  pay  the  premiums  in  arrear  was  consequently 
too  late,  and  that  the  policy  had  lapsed. 


In  the  case  of  Rover  v.  South  African  Breweries, 
t^Britrshrnd"'  Limited,  recently  reported  in  these  Notes,  J. LA., 

Colonial  '  ^  r  '  ^ 

Income  Tax.       yol.  H,  p.  272,  Astbury,  J.,  licld  that  a  company 
deduction  from     wliicli    has    paid    British    income    tax    and    also 

dividend  '■ 

Uliil"^'^"  Colonial  income  tax,  and  has  obtained  from  the 
British  authorities  repayment  of  the  Colonial 
income  tax  can  only  deduct  from  the  dividend  due  to  the 
preference  shareholders  the  amount  of  British  tax  less  the 
Colonial  tax  recovered. 

The  same  point  came  before  the  Second  Division  of  the 
Court  of  Session  (Scotland)  and  the  three  Lords  Justices  held 
that  in  paying  the  dividend  on  the  preference  shares  the 
company  was  entitled  to  deduct  the  full  amount  of  the  British 
income  tax,  and  was  not  bound  to  take  into  account  the 
repayment  it  had  received  in  respect  of  the  Colonial  income 
tax  which  it  had  paid. 

The  case  is  Neiv  Zealand  and  Arislralian  Land  ComjJany, 
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Limited,  v.  Scottish  Union  and  National  Insurance  Comj^any, 
reported  57  S.L.R.  15.  This  was  a  special  case  to  determine 
the  amount  of  income  tax  deductible  by  the  Land  Company 
from  a  dividend  of  4  pei--cent  on  preference  shares  held 
by  the  Insurance  Company  in  the  Land  Company's  under- 
taking. The  Land  Company  having  paid  United  Kingdom 
income  tax  for  the  year  in  question  at  the  rate  of  55.  per  £1 
on  its  profits  satisfied  the  Special  Commissioners  that  Colonial 
income  tax  at  the  rate  of  at  least  Is.  Qd.  per  £1  had  been 
paid  in  respect  of  part  of  the  income  earned  in  the  Colonies. 
Accordingly  in  terms  of  section  43  of  the  Finance  Act,  1916, 
they  had  claimed  repayment,  in  respect  of  the  profits  earned 
in  the  Colonies,  of  part  of  the  United  Kingdom  income  tax 
equal  to  the  difference  between  the  amount  so  paid,  namely, 
5*.  per  £1,  and  the  amount  it  would  have  paid  if  the  United 
Kingdom  income  tax  had  been  charged  at  the  rate  of  Ss.  6d. 
per£l,^.e.,a  difference  of  Is.  6d.  per  £1.  The  Commissioners 
of  Inland  Revenue  admitted  the  claim  and  repaid  the  sum  of 
£28^435.  17s.  6d.  The  profits  earned  by  the  Land  Company 
for  the  year  in  question  were  more  than  sufficient  to  pay  the 
dividend  of  4  per-cent  to  the  preference  stockholders  without 
taking  into  account  the  said  repayment.  For  the  same  year 
the  Land  Company  paid  to  its  ordinary  stockholders  a 
dividend  of  10  per-cent  per  annum  and  a  bonus  of  5  per-cent 
free  of  income  tax. 

The  Lord  Justice  Clerk  said :  "  The  fact  that  the  Colonial 
"  Government  had  exacted  at  least  Is.  6d.  per  £1  of  income 
"  tax  from  the  Company's  profits  earned  in  the  Colonies  did 
"  not  in  any  way  affect  the  preference  shareholders'  right  to 
"  a  dividend  of  4  per-cent.  They  were  entitled  to  be  paid 
"  their  full  4  per-cent,  subject  always  to  the  British  income 
"  tax,  altogether  irrespective  of  what  had  been  paid  in  the 
"  Colonies  as  Colonial  income  tax.  They  had  been  so  paid. 
"  I  cannot  see,  therefore,  how  the  Insurance  Company  can  be 
"  said  to  have  paid  in  any  way  anything  by  way  of,  or  in 
"  respect  of.  Colonial  income  tax.  But  the  Land  Company 
"  were  not  entitled  to  pay  a  dividend  of  4  per-cent  plus  the 
"  whole  or  any  part  of  the  5s.  income  tax  chargeable  and 
"  charged  in  Great  Britain.  If  the  Company  were  to  pay 
"  4  per-cent,  less  income  tax  at  the  rate  of  36-.  6d.  per  £,  they 
"  would  in  my  opinion  be  paying  a  larger  dividend  than  4  per- 
"  cent,  and  so  contravening  the  company's  articles  of  associa- 
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"  tion.  The  Insurance  Company  were,in  my  opinion^not  within 
"  the  class  the  hardships  on  whom  section  43  was  intended 
"  to  alleviate  in  respect  that  they  did  not  pay  double  income 
"  tax.  It  seems  to  me  that  the  contention  of  the  Insurance 
"  Company  would  result  in  this,  that  at  any  rate  as  between 
"  them  and  the  company  of  which  they  are  stockholders  they 
"  are  to  be  dealt  with,  so  far  as  payment  of  dividend  is 
"  concerned,  as  only  liable  to  pay  income  tax  at  the  rate  of 
'^  3s.  6d.  per  £1.     In  my  opinion  there  is  not  sufficient  warrant 

"  in  the  statute  to  support  this  view It  may  be 

"  that  other  considerations  would  have  to  be  dealt  with  if  the 
"  Insurance  Company  had  not  received  their  4  per  cent,  for 
"  the  year  in  question.  But  on  the  facts  of  this  case  that 
"  point  does  not  arise." 

Lord  Dundas  in  assenting  said  " I  am  of  course 

•'  aware  that  we  are  differing  from,  and  in  effect  overruling, 
"  the  decision  of  Astbury,  J.,  in  the  case  of  Rover  v.  South 
"  African  Breweries.  The  point  at  which  I  am  constrained 
"  to  dissent  from  the  carefully  reasoned  opinion  of  that 
"  learned  Judge  seems  to  arise  at  the  conclusion  of  the  first 
"  paragraph  thereof,  where  his  Lordship  says  that  '  although 
"  '  the  words  of  the  section  '  (54  of  the  A  ct  of  1842)  '  refer  to 
"  '  the  allowance  of  duty  charged,  it  clearly,  in  my  judgment, 
"  'means  charged  in  the  sense  of  paid  or  payable.^  The 
"  point  lies  at  the  very  root  of  the  judgment  in  Rover's  case 
"  and  in  this  case.  I  have  endeavoured  to  demonstrate  from 
"  the  statutory  words  used  that  the  duty  '  charged^  upon  the 
"  first  parties  is  bs.  and  no  lesser  rate.'^ 


Section  1  (1)  {h)  of  the  Courts  (Emergency  Powers) 
(E'mergency        Act,  1914,  providcs  as  follows  :  "  No  person  shall 

Powers)  Act.  ^  ->   1  r 

fap^/oTlp^oucy  " onforco  the  lapse  of    any  policy  of 

of  insurance.  u  insuraucc  to  w^hicli  tliis  sub-scctiou  applies,  for 
'^  the  purpose  of  enforcing  the  payment  or  recovery  of  any 
"  such  sum  of  money,  except  after  such  application  to  such 
"  Court  and  such  notice,  as  may  be  provided  for  by  rules  or 
"  directions  under  this  Act." 

This  sub-section  applies  to  life  or  endowment  policies  for 
an  amount  not  exceeding  £2b,ov  payments  equivalent  thereto, 
the  premiums  in  respect  of  which  are  payable  at  not  longer 
than  monthly  intervals,  and   have  been  paid  for  at  least  the 

VOL.    I.II  H 
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two  years  preceding  4  August  1914.  It  has  been  considered 
and  acted  upon  that  this  provision  operated  to  prevent  an 
assurance  company  from  lapsing  a  policy  to  which  the 
sub-section  applies  while  the  Act  remains  in  force,  notwith- 
standing that  payment  of  premium  has  ceased.  The  Divisional 
Court  in  a  recent  decision,  however,  refused  to  accept  this 
view  and  held  that  the  setting  ujd  of  the  defence  that  the 
policy  had  lapsed  owing  to  a  failure  to  pay  the  premiums  was 
liot  an  attempt  to  "  enforce  the  lapse  "  of  a  policy  within  the 
meaning  of  Section  1,  sub-section  1  (&)  of  the  Act  of  1914. 

The  case  is  Barker  v.  Phillips  &  Others,  and  is  reported 
122  L.T.R.  123.       The   facts  of  the  case  are  as  follows  :  On 

I  July  1912,  William  Barker  became  a  member  of  the 
defendant  lodge,  and  on  the  same  date  took  out  with  the 
lodge  a  policy  of  life  assurance  for  the  sum  of  £10,  the 
premiums  on  which  were  paid  up  to  7  January  1918,  after 
which  date  no  premiums  were  paid.  The  said  William  Barker 
died  on  11  November  1918  while  on  active  service  in  Egypt, 
but  the  lodge,  although  requested  so  to  do  refused  to  pay 
over  the  policy  moneys  to  the  plaintiff,  the  widow  and 
administratrix  of  the  said  William  Barker.  On  11  January 
1919  the  lodge  was  requested  in  writing  by  the  plaintiff  to 
submit  the  matter  to  Arbitration  in  accordance  with  the  rules 
of  the  lodge,  find  on  25  January  1919  both  the  lodge  and  the 
Central  Body  of  the  Order  declined  to  entertain  the  plaintiff's 
claim.  No  application  under  the  Courts  (Emergency  Powers) 
Acts  1914-1917  was  made  by  the  lodge  to  the  Court,  and  the 
plaintiff  claimed  the  £10  insured,  less  96\  3c?.  due  from  the 
deceased  for  arrears  of  premiums  between  7  January  1918  and 

II  November  1918. 

The  County  Court  Judge  before  whom  the  case  came  in 
the  first  instance  held  that  the  provisions  of  the  Emergency 
Acts  had  not  been  complied  with  and  gave  judgment  for  the 
plaintiff  for  the  balance  of  £9.  lO*'.  9d.  The  defendants 
obtained  leave  to  appeal,  and  on  28  October  1918  the  matter 
was  brought  before  Lush  and  Sankey,  JJ.,  sitting  as  a 
Divisional  Court.     The  grounds  of  appeal  were  : 

(1)  That  the  learned  judge  was  wrong  in  law  in  deciding 

that  the  defendants  were  enforcing  the  lapse  of  any 
policy  of  insurance  to  which  the  Courts  (Emergency 
Powers)  Acts,  1914-1917,  applied. 

(2)  That  the  learned  judge  misdirected  himself  in  holding 
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tliat  any  notice  was  necessary  before  the  suspension 
of  the  said  William  Barker  from  funeral  benefits 
under  Rule  1 1  of  the  lodge  became  eifective. 
(3)  That  no  application  was  necessary  under  the  Courts 
(Emergency  Powers)  Acts,  1914-1917,  before  the  said 
suspension  from  funeral  benefits  became  effective  as 
a  defence  to  any  claim  in  respect  thereof. 
In  givang  judgment  Lush,  J.,  said:  "In  this  case  the 
■"  administratrix  of  one  W.  Barker  sued  the  defendants  to 
"  recover  the  sum  of  £10  said  to  be  due  under  a  policy  of 
**  assurance,  less  the  sum  of  9s.  Sd.  for  which  the  plaintiff 
"''  gave  credit,  for  arrears  of  premiums.  The  defendants  set 
■"  up  the  defence  that  they  did  not  owe  this  or  any  other  sum 
■"  to  the  plaintiff,  because  by  the  terms  of  contract  with  the 
■*•  deceased  the  policy  moneys  were  not  to  be  payable  if  the 
"  premiums  were  in  arrears  for  more  than  twenty-six  weeks, 
■"  and  they  were  so  in  arrear.  So  far  as  the  contract  is 
"  concerned  it  is  plain  that  the  defendants  were  not  indebted, 
"  and  it  is  conceded  that  the  contract  Avas  at  an  end.  But 
"  it  is  contended  that  by  the  provisions  of  the  Courts 
■"  (Emergency  Powers)  Acts,  1914-1917,  the  defendants  are 
■"  debarred  from  setting  up  this  defence  that  they  are  not 
""  indebted  to  the  plaintiff.  ...  I  will  first  of  all  deal  with 
"  the  question  what  is  the  true  construction  of  the  Courts 
""  (Emergency  Powers)  Act  of  1914  and  of  the  amending  Act 
■"  of  1916,  and  see  whether  the  provisions  of  these  Acts  apply 
^'  to  a  case  of  this  nature.  .  .  .  Turning  then  to  Section 
""  1(1)6  of  the  Act  of  1914,  we  find  it  provides  as  follows: 
■"  ''No  person  shall  .  .  .  levy  an}-  distress,  take,  resume  or 
"  'enter  into  possession  of  any  property,  exercise  any  right 
"  'of  re-entry,  foreclose,  realize  any  security  .  .  .  forfeit  any 
"  '  deposit,  or  enforce  the  lapse  of  any  policy  of  insurance  to 
"  'which  this  sub-section  applies,  for  the  purpose  of  enforcing 
"  '  the  payment  or  recovery  of  any  such  sum  of  money, 
"  '  except  after  such  application  to  such  court  and  such 
"  'notice  as  may  be  provided  for  by  rules  or  directions 
'* 'under  this  Act.'  Now  it  is  said  that  Avhen  an  insurance 
^'  company  sets  up  by  way  of  defence  to  a  claim  the  answer 
"  that  by  the  terms  of  the  contract  the  plaintiff  cannot 
"  recover  because  the  premiums  have  not  been  paid  for 
"  a  certain  specified  time,  the  insurance  company  are 
"  endeavouring  to  '  enforce  a  lapse  of  a  policy  of  insurance  ' 

H  2 
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''  within  the  meaning'  of  the  section.  It  is  said,  and  I  assume 
"  for  the  purpose  of  this  action,  that  this  is  a  policy  of 
"  insurance  to  which  that  section  of  the  Act  applies,  and  we 
"  have  to  decide  Avhether  the  words  of  the  section  which  I 
"  have  read  are  applicable  to  the  defence  which  the  company 
^'  are  seeking  to  raise  in  this  case.  In  my  opinion  this  sub- 
"  section  has  no  application  to  a  case  of  this  sort.  .  .  .  The 
"  section  means  this,  that  a  creditor  such  as  a  landlord  shall 
"  not  levy  distress,  and  shall  not  exercise  his  right  to  enter, 
"  and  take  possession,  because  the  tenant  has  made  default 
'•'  in  payment  of  rent,  except  by  leave  of  the  Court.  In  other 
'•'  words,  the  plain  object  of  the  section  is  to  protect  people 
*'  who  cannot  pay  what  they  owe  from  having  a  distress  levied 
"  or  from  other  harsh  measures  that  a  creditor  might  take,  and 
"  so  give  them  the  opportunity  of  setting  up  as  defence  a  set 
'^  of  facts  which  would  enable  the  Court  to  protect  them  against 
"  the  consequences  of  their  inability  to  pay  owing  to  the  war. 
"  If  the  respondent's  interpretation  of  this  section  is  right,  it 
"  would  have  exactly  the  opposite  effect  to  that  intended.  It 
"  would  enable  a  person  who  had  no  claim  to  any  sum  of  money 
"  at  all,  to  come  to  the  court  and,  by  seeking  to  take  the  benefit 
"  of  an  Act  which  was  passed  for  entirely  different  purposes, 
"  compel  a  defendant  to  pay  money  which  he  did  not  owe.  With 
"  all  respect  to  the  learned  County  Court  Judge  that 
"  interpretation  must  be  Avrong.  The  section  when  it  speaks 
"  of  a  person  enforcing  a  lapse  of  a  policy  of  insurance  is 
"  dealing  with  the  case  of  a  company  which  may  have  a  right 
"  to  obtain  money  from  some  policyholder  which  they  cannot 
"  enforce  until  they  have  lapsed  the  policy.  In  other  Avords, 
"  the  section,  when  dealing  with  this  class  of  case,  is  restricting 
"  the  right  of  insurance  companies  to  enforce  the  payment  of 
"  some  sum  of  money,  and  is  putting  them  in  precisely  the 
"  same  position  as  the  other  creditors  to  which  the  section 
"  refers.  The  defendants  in  this  action  are  not  enforcing  a 
"  lapse  of  a  policy  at  all,  they  are  not  taking  any  steps  to 
"  obtain  money  from  the  plaintiff,  they  are  asking  for  no 
'•  relief,  but  are  merely  seeking  to  set  up  the  defence  that 
''  this  money  is  not  due  and  owing  under  the  contract. 
"  The  plaintiff's  argument  if  acceded  to,  would  have  the  very 
"  remarkable  result  that  if  a  large  number  of  policyholders 
"  who  had  failed  to  pay  their  premiums  were  suddenly  to 
"  bring  actions  against  an  insurance  company  to  compel  them 
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''  to  pay  the  policy  moneys,  in  every  one  of  those  cases  the 
"  insurance  company  would  be  prevented  from  saying  that 
"  they  did  not  owe  the  money.  It  would  amount  to  this,  that 
"  a  company  would  have  to  admit  a  claim  which  they  did  not 
"  owe,  and  which  had  ceased  to  be  payable  months  before  the 
'^  action  was  brought.     In  my  view  the  section  has  nothing  to 

"  do  with  a  case  like  the  present  one One 

'•'  other  consequence  would  follow  if  the  respondent's  contention 
"  is  right — namely,  that  although  the  company  had  been 
"  without  the  premiums  for  several  months,  and  had  had  no 
"  opportunity  of  investing  that  money  and  providing  the  fund 
''  for  the  payment  of  the  policy  money,  yet,  on  the  arrears  of 
"  premiums  being  handed  over  to  them,  they  would  be  bound 
'■'  to  pay  the  policy  money;  I  do  not  see  how,  under  those 
''  circumstances,  an  insurance  company  could  carry  on  its 
'■'  business.  In  my  opinion,  therefore  the  learned  County  Court 
"  Judge  Avas  wrong.  This  section  was  never  meant  to  apply  to 
"■  a  case  like  the  present,  and  the  appeal  must  be  allowed." 

Sankey,  J.,  expressing  agreement,  said     ...... 

"  I  think  that  the  scheme  of  the  Act  is  that  where  someone 
''  wants  to  start  any  process  of  Court  himself,  he  must  obtain 
"  the  leave  of  the  Court.  I  do  not  think  the  Act  applies 
'•'  to  where  he  is  not  anxious  to  start  anything,  but  merely 
"  wishes  to  put  in  an  appearance  and  defend  a  process  started 
"  by  another  party.  In  this  case  if  anyone  lapsed  the  policy 
'•'  it  was  the  plaintiff,  who  did  so  by  failing  to  pay  the  premium. 
''  What  meaning,  then,  can  be  given  to  the  Avords  'enforcing 
"  '  the  lapse  of  a  policy  of  insurance.'  I  agree  that  some 
"  meaning  must  be  given  to  them  as  Parliament  cannot  be 
"  assumed  not  to  have  meant  anything  by  those  words.  I 
"  hesitate  to  give  a  meaning  to  them  as  it  is  not  necessary  for 
"■  our  decision,  but  it  may  be  that  the  inclusion  of  these  words 
'-'  might  prevent  an  insurance  company  suing  for  some  penalty 
"  due  on  a  lapse,  unless  they  had  applied  to  the  Court  for 
"  leave." 

The  remarks  of  the  learned  judges  are  certainly  interesting, 
although  some  doubts  have  been  thrown  upon  the  soundness  of 
the  decision.  So  far  as  I  know,  no  companies  have  altered 
their  practice  or  endeavoured  to  act  upon  the  decision,  and 
probably  any  attempt  to  do  so  Avould  be  restrained  by  further 
legislation. 
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An  elementary  demonstration  of  Stirling's  ajpiproximate 
formula  for  the  value  of  factorial  n. 

1.  J_N  tlie  hio-her  branches  of  the  Theory  of  Probabilities  and 
in  many  other  mathematical  investigations,  we  are  concerned 
witli  the  ratios  between  the  factorials  of  large  numbers,  and 
for  this  purpose  Stirling's  approximate  formula  is  largely 
used.  The  following  elementary  demonstration  of  that 
formula  is  based  jDartly  on  an  investigation  given  by  Bertrand 
in  his  "  Calcul  des  Probubilites  ",  pp.  72-3,  and  partly  on  one 
by  the  Italian  mathematician,  Ces^ro*  ;  but  Cesaro's  simple 
process — which  involves  only  a  well-known  logarithmic  sei'ies 
and  an  elementary  application  of  the  principle  of  limits — is 
here  extended  so  as  to  produce  limits  of  error  much  narrower 
than  liis,  and  much  narrower  also  than  those  produced  by  a 
more  difficult  algebraical  investigation  by  Chrystal — Algebra, 
Part  II,  pp.  369-71.  This  extension  is  believed  to  be  new. 
2.  If  we  put  n  l  =  Un,  we  have 

f,2,_|_  l>  +  i  I 
un^,/u,,  =  n  +  l='      J      I  (1  +  3/")'^ 

But  (1  -f  1/ra)"  ->  e  as  w  ->  oc  .t     If  therefore  we  put 

n  l  =  u,,  —  n"e-"(f){n), 
we  shall  liave 

<^(?i+  ] )l(fi{n)  =e/(l  +  1/n)",  which  -^  1  as  n  ->  oo  . 
Now        \og[el(l  +  l/ny]  =  l-n\og(l  +  \ln)  =  ^^-^,^.  .  . 

and  log  [{n  +  l)/.u]^=  ^  ^''^  (i  +  VM  =  ^-  47,-  •  • 

Thus  (ji[n)  will  change  in  approximately  the  same  ratio  as 
n^  changes,  if  n  is  at  all  considerable.  We  are  thus  led  to  put 
(f)[n)  =in--'>p-{n),  or  n  !  =  ?i"+=e~"'\|r(?().  We  proceed  to  find  limits 
for  "^{n).     From  the  last  formula  we  have 

ylr{n)iyp~{n  +  V,=  [(?;  +  l)/7i]»  +  4e-i  : 

or,  taking  logs.,  —A  log-v/r(ji)=:log  {  [(/i-f  l)/"]""'"^e~'}. 

*  "  Corso  cli  analica  algebrica  ",  Torino,  188-},  pp.  270  and  4S0.  ('Spe  "  The 
Mathematical  'I  lieory  of  Probability  "',  vol.  I,  by  Arnc  Fislier.  The  Macniillan 
Company,  N.Y.,  1915,  pp.  93-5). 

t  The  useful  symbol  — 5=-  stands  for  "  tends  to  the  value.'' — Sec  J.U.,\o\.\i, 
p.  135. 
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3.  By  a  well-known  formula  [Todhunter's  J./^e6r«,  p.  338  ; 
Hall  &  Knight's  Higher  Algebra,  p.  194] 


loff =2 

°      n 


11111 


.2u  +  l       3    (2«+l)'     5    (27i  +  l)- 


or,  multiplying  Ly  (2n+  l)/2  =  /i+  ^  and  subtracting  log  e  =  1, 

-Alog^(/0  =  log{[(u  +  l)/'0""-^«~'} 

^1  1  1  1  1  1 

~3 '(2/1+1)2  "^5 '(2^+1)^."^  7'(2n  +  l)«"^  •  •  •     ^'' 

The  sum  of  this  series  is  less  than  the  sum  of  the  GT.P. 
produced  by  replacing  the  denominators  3,  5,  7  ....  by 
3,  3,  3  ....  ,  i.e.,  less  than  l/12rt(7i+l)  or  l/12n-l/12(?i  +  l). 
But  the  sum  of  (1)  is  greater  than  the  sum  of  the  G.F. 
produced    by    replacing    the     numerical     denominators    by 

^'^^'  '^(1)'  3Qj...,and  the  sum  of  that  G.P.  is 
1  12(?i-  +  w  +  'l).     Now  it  is  easily  shown  that 

l/12(7i2+??.  +  -l)>l/12[n  +  ^(«)]-l/12[«  +  ^(w  +  l)  +  l] 
where  i(?i)  =l/207i. 

We  have  therefore — changing  signs  and  remembering  that 
this  changes  >  into  <  and  vice  versa — 

A  l0g-«/r(7l)   >    1/12(71+1) -1/12/1 (A) 

<  l/12U  +  /(n+l)  +  l]-l/12[n+^(»)]  .     .     (B) 
Passing  from  logs,  to  numbers,  we  have  from  (A) 
t(^±il>e™.+i)-i/i2.  o,  ^(u+l)e-V^-^(-^^) 

while  from  (B) 

,f-r,,  4-  1  1  Jr(v  -4-  1\p-l!l-2[ti+t{n  +  l)+\] 

rVi±Al  ^^i/i-2[«+«(«+i)+i]-i/i2[H+j(u)]    OP  Y[n+i.je 

4.  Thus  as  n  increases  ■v|r(7i)e~^/^-^''"'"'^"^i  decreases,  and 
ylr[n)e~^'^-"'  increases.  But  as  7t  increases  the  two  expressions 
tend  to  equalit}^,  because  their  values  remain  finite  and  their 
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ratio  -^  1,  since  t{v)  -^  0  as  ?i.  -^  co  .  They  must  therefore 
tend  as  n  -^  oo  to  a  common  limit,  say  C  >  i/r(?i)fi~^''^2« 
and  <  'v|r(n)e-^/'2[«+«(u)]_-K-     xj^^g 

ylr{n)e-y^^"  <  C  <  i|r(?i)e-'/^2["  +  ;00] 
or  l/r(7i)  >  Cei/i2[H  +  f(«)i 

Substituting  in  tlie  expression  n  !  =  w'*"^*e~"\/r(?i),  we  have 

n  !  >  C«"+'e-"  .  ei/i2[«+«(M)]        ....      (2) 
<  C?i«+ie-».e^/i2n (3) 

5.  The    foregoing    argument    may    be    expressed   in   the 
following  alternative  way.     Since 

Mogy{r{n)  >  1/I2(n+1)-1/I2n 
and  <  l/[2[n+t{n+l)  +  l]-]/12[n  +  t{n)], 

we  have  by  addition  of  differences, 

log  -«/^(N  + w.)  -log  ->/r(N)  >  l/r2(N  +  m)  -  1/12N 

<l/12[N  +  m  +  ^(N  +  m)]-l/12[N+i5(N)] 

But  as  N  -^  00  the  fractions  -^  0  and  therefore  log-\/r(N  +  m) 
—  logi|r(N)  -*■  0,  i.e.,  log'\/r(N)  tends  to  a  limit,  say  logC. 
Hence  making  N  ->  oo   in  the  inequalities 

logf{N)-logy}r{n)  >  1/12X-1/J2;;, 

<l/12[N  +  /(N)]-l/12[7i  +  ^(«.)] 
we  get  ]og  C  — log  \{r{n)  >— 1/12)1 

<  -l/12[7i  +  ^(n)] 
or  ^|r{n)  >  Cei/i2["+'('0] 

which  is  equivalent  to  our  former  results. 

*  Geometricall.v  ■\|/'(;!)e-i/i'-'*  and  \^(?i)e-i'''-[»+'<'''l  are  both  asymptotic  to,  but 
.lie  on  ojjposite  sides  of,  a  line  parallel  to  the  axis  of  n. 
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6.  To  find  tlie  value  of   l/12[n  +  t{)i)]    wo  Lave,  putting 
i[n)  =  lj20n,  see  §  3, 

1  1  l/20n^ 

1/12[»  -f  f{n)]  =  12(71+1/2070  "^To^i~  12{n+lJ20n) 


Thus  finally 


1 1_ 

^  r27i      240?i^ 


u!    >  C7i«+ie-».e^'i2«-i/24o„»      ....      (4) 
<  C;i"  +  ^£'-«.e^/^2"       ......     (5) 


7.  A  value  of  the  constant  C  sufficiently  accurate  for 
all  practical  purposes  may  be  obtained  by  equating  the 
approximate  values,  found  from  the  formula 

n  !  =  C«"+*.e-«.e-^/^2", 

to  the  tabulated  value  of  n  !  for  a  large  value  of  n.  The 
logs  of  the  factorials  to  six  decimal  places  up  to  n=  1600  are 
tabulated  in  De  Morgan's  Treatise  "  The  Theory  of 
Probabilities "  in  the  Encyclopaedia  Meti-opolitana,  vol.  ii, 
pp.  486-490,  and  the  logs  to  7  places  up  to  7i=100J  are  given 
in  Kaid  Pearson's  "  Tables  for  Statisticians ",  pp.  98-101. 
Logs  to  18  places  up  to  7^  =  120  are  given  by  Robbins, 
Transactions,  A.S.E.,  vol.  lii,  p    171. 

If,  for  example,  we  take  7^=100  so  that  log  ]ofi^'-'*°"'= 
•000,000,002,  the  value  of  log,oC  may  be  found  correct  to 
8  decimal  places.* 

The  following  is  the  calculation  to  9  decimal  places : 

Logio  100i'^o-5=r   201-000,000,000 
Log,oe-i*^°==  -100  X  mod.  =  -43-429,448,190 


157-570,551,810 
Log,oeVJ2oo^n^o(j/1200=  -000,361,912 

157-570,913,722 
Tabular  log,o  "lOO  !=    157-970,003,655 
Log,oC=       0  399,089,933 
which  sliows  an  error  of  —  1  in  the  last  place. 

*  If  we  take  n  so  low  as  10,  e'''-^''»''  = -0000018,  so  that  we  may  get  a  value  of 
log  C  correct  to  5  places. 


106  Review.  [Ai'ril 

8.  By  higher  methods  it  may  be  shown  that  the  constant 
C  =  \/-7r  and  that  the  true  value  of  n  !  lies  between 
^/27^.?^«+i.e~'^e^/^-"•  and  the  same  multiplied  by  e-i/3<i0n»^ 
as  against  our  factor  e-i/240n»_^  Thus  the  proportional  (or 
logarithmic)  range  of  error  found  by  the  above  simple  process 
is  only  1^  times  that  found  by  much  more  advanced  work. 
Cesaro  does  not  give  the  inequality  (B),  but  works  on  (A) 
and  A-v^(?i)  <0,  producing  the  much  wider  limits  C?!""*"*  .  e~" 
and  this  quantity  multiplied  by  e"^/^^".  r     T    T 

*  Since  the  Note  was  set  up  the  writer  has  found  that  1/12(h- +  « + '!) 
is  >]/l2n-t(n.)-llll2{n  +  l) -t{)i  +  l)],  wliere  ;!(?»)  =  l/360(«^-w).  Hence 
the  factor  e"^ -■"^"  in  the  lower  limit  may  be  replaced  by  e"i -''"<"■■'""', -which  is- 
both  nearer  the  true  value  and  in  closer  agreement  with  that  found  by  higher 
methods. 
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Pulmonary  Tuherculo.ns :  MorialUy  after  Sanatorium  Treatment.  By 
Noel  D.  Bardswell.,  M.V.O.,  M.D.,  F.R.C.R,  and  J.  H.  R. 
Thompson,  F.LA. 

[Pp.  112.     Medical  Research  Committee.    Special  Report  Series,  No.  33.    191*.).} 

This  report,  issued  by  the  Medical  Research  Committee  (National 
Health  Insurance)  is  of  great  interest,  and  further  is  indicative  of 
the  increasing  tendency  towards  the  application  of  actuarial  and 
sound  statistical  methods  in  the  solution  of  problems  beyond  the 
normal  sphere  of  actuarial  activity. 

The  report  deals  with  the  mortality  experienced  to  the 
anniversary  of  discharge  in  1916  by  patients  discharged  from  the 
King  Edward  VII  Sanatorium  at  Midhirrst  during  the  eight  years 
1907-14, 1,707  cases  in  all,  of  which  1,053  were  males  and  654  females. 

The  method  of  tabulation  of  the  data  is  fully  set  out  in  an 
appendix,  and  is  by  the  "  select  "  method,  an  exposed  to  risk  having 
been  obtained  in  respect  of  grouped  ages  at  discharge  for  each  year 
elapsed  since  discharge.  The  expected  deaths  by  the  English 
Life  No.  8  Table  are  compared  with  the  actual  deaths  in  the  form 
of  a  ratio.  This  is  the  basis  of  working  throughout,  results  being 
given  according  to  condition  on  admission  in  three  groups,  Incipient,, 
Moderately  Advanced,  and  Far  Advanced,  and  for  each  of  these 
groups  according  to  conditions  on  discharge  Arrested,  Much  Im- 
proved, Improved,  and  Worse. 

Further,  the  mortality  after  treatment  with  tuberculin,  according 
to  t}'pe  of  onset  of  disease,  in  respect  of  the  presence  or  absence  of 
tubercle  bacilli  in  the  sputum,  among  cases  in  which  there  existed 
tuberculosis  of  the  larynx,  and  among  cases  who  gave  a  family 
history  of  tuberculosis  are  also  made  subjects  of  inquiry. 

There  are  also  various  tests  as  to  homogeneity  of  data  in  the  way 
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of  subsidiiary  statistical  tables.  Indeed,  so  far  as  the  data  allow 
the  investigation  is  most  thorough,  and  the  results  are  looked  at  from 
various  points  of  view. 

In  studying  the  ratios  in  the  various  tables  an  eye  should  be  kept 
on  the  expected  and  actual  deaths  on  which  they  are  based,  as 
occasionally  the  data  are  lamentably  small.  For  example,  in  com- 
paring the  Midhurst  ratios  with  those  for  the  Adirondack  experience 
(Tables  VIII  and  X)  it  is  pointed  out  that  for  all  durations  in  Group  3 
Midhurst  shows  the  better  results,  but  as  not  one  of  the  Adirondack 
expected  deaths  is  so  great  as  unity  and  four  out  of  six  range  from 
•25  to  -04  a  comparison  is  not  of  much  avail.  The  same  apj^lies  to 
Table  XIII  as  regards  females  discharged  worse — it  is  remarked 
that  for  group  1  these  show  a  ratio  lower  than  might  be  anticipated 
(pp.  33^),  but  the  facts  are  two  deaths  on  an  expected  of  -188. 

As  regards  the  experience  according  to  condition  on  admission, 
the  size  of  the  ratios  should  give  much  food  for  thought.  Even 
amongst  the  Incipient  cases  they  are  6-4  and  4-7  for  males  and  females 
respectively,  the  corresponding  figures  for  the  Moderatelv  Advanced 
being  15-6  and  19-0,  and  the  Far  Advanced  39-2  and  37-5.  The 
ratios  are  much  higher  for  the  younger  ages,  but  as  is  pointed  out, 
this  does  not  mean  that  the  rate  of  mortality  is  decreasing  with 
advanced  age.  Taking  all  stages  of  the  disease  at  admission  together 
the  rate  of  mortality  does  not  appear  to  vary  sensibly  between  age 
groups.  In  order  to  carry  conviction  it  would  have  been  more 
satisfactory  had  this  been  dealt  with  for  the  three  groups  according" 
to  condition  on  admission.  An  examination  of  the  figures,  however, 
confirms  the  same  feature  in  each  separate  group.  The  consistency 
of  the  results  between  males  and  females  and  with  a  previous 
investigation  into  American  data  adds  great  weight  to  the  con- 
clusions reached. 

Tables  XI,  XII  and  XIII  with  reference  to  the  experience 
according  to  condition  of  discharge  are  extremely  useful  in  so  far 
as  they  emphasize  the  greater  chances  a  patient  has  of  life  if  admitted 
in  an  early  stage  of  the  disease.  55-7  per-cent  of  the  males  and  71-2 
per-cent  of  the  females  admitted  in  the  Incipient  stage  are  discharged 
with  the  disease  arrested.  These  percentages  drop  to  19-2  and  17-9 
respectively  in  the  Moderately  Advanced  and  are  practically  negli- 
gible in  the  Far  Advanced  stage.  While  the  condition  on  discharge 
is  important  from  the  prognosis  standpoint,  it  should  be  clearly 
borne  in  mind  that  the  condition  on  admission  is  of  far  higher  impor- 
tance as  regards  chances  of  practical  recovery.  The  observations 
made  at  the  end  of  this  chapter  deal  largely  with  prognosis,  and  to 
these  might  have  been  added  one  urging  treatment  without  delay 
immediately  tuberculosis  is  diagnosed. 

In  the  light  of  statistics  one  must  sadly  admit  the  inadequacy  of 
sanatorium  treatment.  In  some  individual  cases  no  doubt  it  is 
effective,  but  as  a  whole  one  finds  little  satisfaction  in  the  results. 
One  reads  occasionally  in  the  Press  of  "  medical  orthopedics  "  and 
possibly  the  solution  lies  in  this  direction,  in  the  training  of  a  con- 
valescent to  earn  his  living  at  such  work  and  in  such  surroundings 
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as  will  assist  and  maintain  his  recovery.  Statistics  relating  to  the 
mortality  experience  of  such  cases  would  be  interesting  indeed. 

To  pass  to  the  chapter  on  tuberculin,  the  principle  adopted  for 
the  comparison  of  cases  treated  with  and  without  this  factor  was  to 
compare  the  general  results  for  three  years  in  which  it  was  not, 
and  three  years  in  which  it  was  used.  During  the  latter  period 
67-6  per-cent  of  the  patients  discharged  had  been  treated  with 
tuberculin,  and  the  argument  was,  justly,  that  if  tuberculin  were  of 
service  its  value  would  be  reflected  in  an  improvement  in  the  total 
results.  This  method  seems  undoubtedly  the  best,  as  it  avoids  any 
fallacy  of  selection.  Various  tables  are  inserted  to  prove  the  homo- 
geneity of  the  data,  and  dealing  with  the  immediate  results  of 
treatment,  i.e.,  improvement  or  otherwise  in  condition  during 
treatment.  These  and  the  after  results,  however,  are  disappointing, 
no  marked  difference  being  apparent.  The  investigation  was, 
moreover,  carried  further  and  an  examination  made  of  the  experience 
of  patients  who  actually  received  tuberculin  treatment,  comparison 
being  made  with  a  group  of  cases,  as  similar  as  possible,  selected  by  a 
third  party.  Still  the  results  were  quite  inconclusive,  and  the 
conclusion  is  reached  that  tuberculin  injections  had  no  appreciable 
effect  either  for  good  or  iU. 

A  further  chapter  deals  with  the  mortality  according  to  type  of 
onset  of  the  disease,  how  it  first  manifests  itself,  whether  by 
heemoptysis,  with  an  attack  of  pleurisy,  or  insidiously,  i.e.,  by 
gradual  loss  of  strength  accompanied  by  a  cough.  Here  some  well- 
defined  features  are  brought  to  light.  Haemoptysis  on  the  whole 
leads  to  an  earlier  diagnosis  of  the  disease  than  in  the  other  t\*pes 
of  onset,  and  patients  whose  chief  initial  symptom  was  haemoptysis 
experienced  lighter  rates  of  mortality.  These  conclusions  of  the 
authors  are  acceptable,  but  it  is  noticeable  that  the  third  one  is  only 
a  suggestion — that  an  initial  haemoptysis  may  be  associated  with  a 
relatively  less  severe  type  of  disease.  The  percentages  of  patients 
with  type  of  onset  haemoptysis  in  the  groups  at  admission  Incipient, 
Moderately  Advanced  and  Far  Advanced  are  for  males 
30-8,  2.5-1  "and  18-3  respectively,  and  for  females  18-2,  15-6  and  14-2. 
As  regards  the  males  especially  this  decreasing  percentage  rather 
indicates  not  only  earlier  diagnosis  but  a  general  shifting  of  the  weight 
of  such  cases  towards  the  less  severe  limit  of  a  stage  of  disease  at 
admission,  which  would  be  consistent  with  the  lower  ratios  brought 
out.  As  regards  females,  this  shifting  tendency  is  practically  non- 
existent and  curiously  the  ratios  for  the  females  do  not  show  to  the 
same  advantage  over  the  cases  with  insidious  type  of  onset,  so  one 
cannot  regard  the  association  of  an  initial  symptom  of  haemoptysis 
with  a  less  severe  type  of  disease  (as  opposed  to  a  less  severe  stage 
at  diagnosis)  as  proved,  without  further  investigation. 

No  elaborate  comments  are  necessary  on  the  chapters  dealing 
with  the  presence  or  absence  of  tubercle  bacilli  in  the  sputum  or 
with  cases  in  which  there  existed  tuberculosis  of  the  larynx.  Both 
positive  conditions  have  an  adverse  effect  on  the  mortality.  On  the 
other  hand  the  mortality  of  patients  who  gave  a  family  history  of 
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tuberculosis  gave  no  indication  of  differing  essentially  from  the 
normal.  This,  of  course,  does  not  have  any  bearing  on  the  chances 
of  a  person  who  has  a  family  history  of  tuberculosis  contracting 
the  disease,  but  once  having  contracted  it  he  does  not  appear  to 
be  worse  off  than  another  person.  An  Appendix  is  added,  dealing 
with  Messrs.  Rusher  and  Kenchington's  paper,  J.I.  A.,  vol.  xlvii, 
p.  433,  but  this,  of  course,  is  familiar  to  actuarial  readers. 

There  is  one  further  point  that  perhaps  may  be  mentioned.  It 
is  stated  in  the  Report  (p.  7)  that  an  endeavour  is  made  to  admit  to 
the  Sanatorium  only  those  who  are  sufiering  from  the  disease  in  its 
earlier  stages.  The  endeavour,  however,  appears  to  have  been 
singularly  unsuccessful  if  one  may  judge  by  the  following  com- 
parison with  similar  efforts  made  during  the  later  admissions  to 
the  Adirondack  Sanitarium  : 


Male 

Female 

Incipient 

Advanced 

Far 
Advanced 

Incipient 

Advanced  j^„Far^^^ 

Adirondack,  Dec. 
1903,  to  July 
1909 

Midhurst 

-  222 

289 

298 
541 

8 
223 

206 
171 

247                 5 
307            176      : 

One  would  imagine  rather  that  only  those  who  had  little  chance 
of  recovery  were  refused  and  this,  of  course,  is  justifiable  from  a 
humanitarian  point  of  view  imless  patients  in  the  early  stages  were 
displaced  by  those  in  the  later  stages. 

Generally  speaking,  the  Report  avoids  serious  criticism,  not 
being  dogmatic  in  its  assertions  ;  in  a  true  scientific  spirit  obviously 
not  setting  out  to  prove  a  case  for  or  against  sanatorium  treatment, 
but  investigating  facts  and  reading  only  reasonable  interpretations 
into  the  results. 

S.  J.  P. 


CORRESPONDENCE. 


THE   YIELD  OX  A   REDEEMABLE  BOND  WHEN  INCOME-TAX 
IS  TAKEN  INTO   ACCOUNT. 

To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 


Sirs, — If  your  readers  are  not  weary  of  the  subject  of  the  eft'ect 
of  income-tax  on  the  yield  on  a  redeemable  security,  they  may 
possibly  find  the  following  formuke  of  practical  use.  The  expressions 
may  be  approximately  derived  from  formula  (6)  given  by^Messrs. 
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Lidstone  and  Todhunter  [J. I. A.,  vol.  xlix,  p.  369),  or  more  simply 
from  first  principles,  but  they  are  admittedly  in  the  main  empirical, 
and  I  am  not  al)le  to  give  any  theoretical  reason  why  these  particular 
approximations  seem  to  suit  present  conditions  any  l)etter  than 
many  others. 

The  true  gross  yield  allowing  for  tax  may  he  taken  as 


1  -t 


t. 


K-^K'^ 


K-^Iv^ 


where  K  is  negative. 


where  K  is  positive. 


J  being  the  gross  yield  without  allowance  for  tax,  1  +  K  the  present 
price,  n  the  outstanding  term,  and  t  the  rate  of  tax  per  unit. 

The  advantage  claimed  for  these  formulae  is  simplicity  of 
application.      The   rate   of   dividend   is   not    involved,    and  it   is- 

therefore  possible  to  construct  a  short  table  of (K-  -K^l  and 

(  K  ~  ^K"  j  for  all  prices  of  securities,  for  any  value  of  t  desired, 

and  divide  l)y  a  in  any  particular  case  required. 

As  regards  accuracy,  single  examples  prove  little  and  are  not 
worth  setting  out.  I  have,  however,  tested  the  formulae  in  about 
100  cases  for  terms  from  2  to  40  years,  rates  of  dividend  from 
3  to  7  per-cent,  rates  of  net  yield  from  34  to  6  per-cent,  and  rates 
of  tax  from  4.s.  to  8.?.  in  the  £,  and  find  that  for  terms  of  20  years 
and  under  the  erroi-s  are  under  M.  per-cent  in  77  percent  of  the 
cases,  between  3</.  and  &d.  per-cent  in  15  per-cent,  and  between 
6(Z.  and  l.s.  M.  per-cent  in  the  remainder,  which  are  nearly  all  cases 
at  the  highest  rate  of  tax.  For  terms  over  20  years  the  errors 
range  up  to  as  much  as  3s.  per-cent  for  the  longest  term  and  highest 
rate  of  tax,  71  per-cent  being  under  Is.  per-cent. 

I  have  compared  the  errors  given  by  Messrs.  Lidstone's  and 
Todhunter's  formula  in  about  30  of  the  above  cases,  and  find  that 
the  latter  is  somewhat  more  accurate  for  terms  under  10  years  and 
less  accurate  for  terms  over  10  years. 

This  degree  of  accuracy  seems  amply  sufficient  in  dealing  with  so 
uncertain  a  factor  as  the  future  rate  of  income-tax. 


15,  St.  James's  Square,  S.HV.  1. 
1  March  1920. 


Yours  faithfully, 

0.  F.  DIVER. 
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THE    INSTITUTE    OF    ACTUARIES. 


ADMISSION    OF    WOMEX    TO    MEMBERSHIP. 

At  a  Special  General  Meeting,  held  at  Staple  Inn  Hall, 
on  24  November  1919,  the  President  moved  the  follo\ving 
resolution  on  behalf  of  the  Council : 

"  That  women  be  admitted  to  the  Institute  on  the  same 
"  conditions  as  men,  and  that  the  masculine  shall  include  the 
"  feminine  in  all  the  Regulations  of  the  Institute." 

The  President  said  that  the  reasons  which  had  influenced  the 
Council  in  deciding  to  bring  forward  the  resolution  might  be  summed 
up  in  the  words  that  it  was  in  accordance  with  the  spirit  of  the  times. 
There  was  evidence  of  that  in  resolutions  which  had  been  passed 
by  other  institutions,  in  the  fact  that  legislation  was  contemplated 
which  woidd  have  the  effect  of  requiring  such  institutions  to  admit 
women  on  the  same  terms  as  men,  and  in  the  example  of  their 
sister  institution,  the  Faculty  of  Actuaries  in  Scotland,  which  had 
already  passed  a  resolution  in  terms  similar  to  the  one  before  the 
meeting.  He  had  been  informed  shortly  before  the  meeting  that 
there  was  a  feeling  among  some  of  the  members  that  the  proposed 
change  should  be  postponed  at  least  for  the  period  during  which 
the  revised  syllabus  was  to  remain  unaltered.  That  was  a  point 
which  the  Council  had  not  considered,  and  consequently  any  opinion 
which  he  expressed  upon  it  must  be  regarded  as  his  personal  opinion, 
and  not  as  that  of  the  Council.  Although  one  object  of  the  alteration 
of  the  syllabus  was  to  make  as  easy  as  was  compatible  with  efficiency 
the  examination  test  to  which  the  members  who  had  been  serving 
in  the  war  were  to  be  subjected,  it  was  not  the  whole  object  of  the 
Council  in  making  the  alteration.  He  thought  he  might  say  that 
the  alteration  had  been  made  in  accordance  with  a  preconceived 
general  pohcy,  which  was  that  the  syllabus  should  aim  at  providing 
a  test  which  would  produce  competent  actuaries  and  at  the  same 
time  save  those  who  desired  to  specialize  in  a  particular  direction 
from  having  to  overload  themselves  with  work  which  might  not 
be  useful  in  connection  with  the  particular  subject  in  which  they 
desired  to  speciahze.  He  thought  it  was  obvious  that  that  was  in 
the  minds  of  the  Council,  because  they  had  further  developed  their 
pohcy  in  the  direction  which  he  had  indicated,  by  offering  prizes 
for  special  research.  Was  there  any  real  injustice  to  the  members 
in  the  immediate  admission  of  women  ?  He  submitted  that  there 
was  not.  Those  members  who  had  been  on  ser\ace  in  the  war  to 
the  extent  to  which  they  had  had  an  opportunity  of  studWng  pro- 
fessionally or  of  obtaining  practical  experience  in  offices  before  the 
war,  had  an  advantage  as  compared  with  any  women  who  might 
join  the  Institute.  He  admitted  that  on  the  point  of  practical 
experience  some  advantage  had  been  lost  by  the  fact  that  most  of 
the  women  who  would  apply  for  admission  to  the  Institute  had  had 
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some  office  experience  during  the  war,  but  that  did  not  apply  to 
preliminary  study.  So  far  as  new  members  were  concerned,  whether 
they  were  men  or  women,  they  started  on  an  equal  footing.  It 
seemed  to  him  perfectly  fair  that  that  should  be  so.  After  the 
resolution  had  been  seconded  the  Council  would  be  glad  to  hear  any 
remarks  that  the  members  might  wish  to  make  on  it. 

Mr.  S.  G.  Warner,  in  seconding  the  resolution,  said  that  he  was 
very  glad  to  have  the  opjDortunity  of  associating  himself  personally 
with  the  recommendation  of  the  Council.  The  resolution  had  not  been 
arrived  at  without  very  grave  consideration  and  without  the  best 
attention  which  the  Council  were  able  to  give  to  it.  The  arguments 
in  its  favour  need  hardly  be  elaborated  at  the  moment ;  they  could 
not  be  better  summed  up  than  they  had  been  by  the  President. 
The  Institute  was,  in  fact,  asked  to  follow  the  great  current  of 
general  civilized  public  opinion.  He  presumed  that  any  opposition 
or  hesitation  among  the  members  must  be  due  to  some  trepidation 
as  to  the  results  of  such  a  profound  and  far-reaching  change  in  the 
constitution  of  the  Institute.  With  reference  to  that,  he  thought 
it  might  be  taken  as  the  testimony  of  experience  that  no  profession, 
learned  or  otherwise,  which  during  the  past  quarter  of  a  century 
had,  in  obedience  to  that  general  feeling  and  movement,  opened 
its  doors  to  women,  had,  so  far  as  he  knew,  had  any  occasion  to 
regret  it.  Some  of  the  members  knew  something  about  the  struggle 
which  took  place  before  women  obtained  admission  to  the  medical 
profession,  and  they  knew  now  how  women  occupied  an  honoured 
place  and  almost  an  indispensable  place  there.  In  the  actuarial 
profession  he  did  not  personally  expect  a  very  great  incursion  of 
women  members  for  a  good  many  years  to  come.  The  step  they 
were  proposing  to  take  involved  perhaps  some  courage  and  some 
liberal  feeling  and  sympathy  and  good  fellowship,  but  he  thought 
it  was  a  step  which  they  as  an  Institute  would  honour  themselves 
and  in  the  end  abundantly  justify  themselves  by  taking. 

Mr.  A.  Henry  said  he  had  been  asked  to  express  the  feelings  of  the 
Committee  of  the  Students'  Society  on  the  matter.  The  Committee 
were  in  touch  with  a  considerable  body  of  their  members  and  the 
opinion  which  they  held  was  the  result  of  discussions  amongst  quite 
a  large  number  of  the  younger  members,  including  not  merely  the 
younger  Fellows  of  the  Institute  but  also  members  who  were  actually 
going  in  for  the  examinations  and  who  had  a  real  interest  in  the 
matter.  As  a  Committee  they  did  not  oppose  in  any  way  the 
admission  of  women.  As  a  matter  of  fact,  in  consonance  with  the 
attitude  of  most  young  people  in  the  present  days,  they  welcomed 
it ;  but  at  the  same  time  they  did  view  with  some  misgiving  the 
effect  of  allowing  women  to  enter  under  the  present  restricted 
syllabus — not  because  they  were  women  or  because  there  were  any 
doubts  as  to  their  capacity  to  deal  with  a  more  difficult  syllabus, 
but  because  it  was  an  aggravation  of  the  situation  which  had  been 
brought  about  by  the  policy  of  cutting  down  the  range  of  the 
examination  syllabus.  The  President  had  said  that,  although 
the  syllabus  was  the  result  of  an  attempt  to  meet  war  conditions. 
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yet  it  was  part  and  parcel  of  a  rather  larger  policy  involving  the 
ultimate  qualifications  of  the  practising  actuary.  In  so  far  as  the 
present  syllabus  was  to  be  regarded  as  an  attempt  to  meet  the 
special  conditions  arising  out  of  the  war,  he  did  not  think  anybody 
would  criticize  it.  They  all  recognized  that  men  had  lost  valuable 
years  which  would  have  been  used  for  quaUfpng  themselves  in 
their  profession,  and  that  some  measures  must  be  taken  to  set  that 
right.  But  the  question  of  the  final  qualification  of  the  actuary 
was  a  very  different  matter.  The  general  scope  of  the  examination 
was  too  wide  a  subject  to  discuss  at  the  present  meeting.  At  the 
same  time,  he  thought  there  were  some  things  which  must  be  deemed 
essential  as  part  of  the  equipment  of  the  practising  actuary.  In 
his  view  the  sphtting  of  the  final  examination  into  two  alternative 
parts  might  result  in  very  unfortunate  consequences  to  the  pro- 
fession. He  thought  that,  from  the  point  of  view  of  the  standing 
of  the  profession  in  the  opinion  of  the  outside  public,  the  cjualifica- 
tions  of  an  actuary  should  cover  all  subjects  which  properly  fall 
within  his  purview.  If  in  the  future  an  actuary  were  to  apply  to 
be  put  on  the  list  of  pubHc  valuers,  the  Eegistrar  might  consider  it 
his  duty  to  enquire  what  part  he  had  taken  in  the  Final — the  Friendly 
Society  part  or  the  Life  Office  part.  He  did  not  think  that  would 
be  satisfactory  from  the  point  of  view  of  the  profession  or  from  the 
point  of  view  of  the  applicant.  In  referring  to  the  question  of  the 
syllabus  he  wished  to  indicate  the  objections  that  were  felt  not  as 
regards  women  only,  but  as  regards  women  in  common  with  the 
young  members  who  were  coming  forward  for  their  examinations 
and  who  did  not  require  the  concessions  that  were  naturally  extended 
to  the  members  who  had  suffered  during  the  war.  The  Committee 
did  not  propose  to  take  any  steps  to  move  an  amendment  or  to 
suggest  any  other  course,  but  they  would  be  very  grateful  if,  in 
taking  the  necessary  steps  in  connection  with  the  admission  of 
women  to  the  Institute  on  the  same  terms  as  men,  the  Council 
would  consider  the  views  which  he  had  represented. 

The  Presidext  said  there  appeared  to  be  nothing  in  Mr.  Henry's 
presentation  of  the  case  of  the  students  which  was  inconsistent 
with  the  passing  of  the  resolution.  It  must  be  borne  in  mind  that 
their  examinations  were  not  competitive  examinations  ;  it  was 
merely  a  pass  degree  which  the  Institute  conferred.  The  admission 
of  women  would  make  no  difference  to  the  possibility  of  a  return 
to  the  old  syllabus,  and  if  in  the  judgment  of  the  members  as  a  body 
it  was  desirable  later  on  that  the  syllabus  should  be  restored  to  its 
pre-war  standard,  the  syllabus  so  restored  would  apply  just  as 
much  to  women  as  to  men  students,  and  therefore  the  position 
would  be  that  both  sexes  were  submitted  to  the  same  test.  He 
thought  that  the  fear  that  any  considerable  number  of  unqualified 
women  might  attain  to  the  Fellowship  in  the  interval  was  C[uite 
without  foundation.  If  there  was  any  foundation  for  it,  it  was  a 
fear  which  would  apply  as  much  to  men  students  as  to  women 
students.  He  could  see  no  difference  in  principle.  At  a  later  stage 
it  would  be  quite  within  the  competence  of  any  member  or  body  of 
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members  of  the  Institute  to  address  the  Council  with  a  view  to  an 
adequate  consideration  of  the  views  put  forward  by  Mr.  Henry  on 
behalf  of  the  Students'  Society,  and  he  was  quite  sure  that  they 
would  receive  attention. 

The  motion  was  carried  unanimously. 


EXAMINATIONS,   DECEMBER   1919. 

Examinations  were  held  on  the  15th,  16th  and  I7th  December  1919,  at 
London,  Liverpool,  Norwich,  Ediuhiirgli,  Dublin,  Melbourne,  Sydney, 
Perth,  Dunedin,  Montreal,  Toronto,  Ottawa,  Winnipeg,  Bombay,  and 
Calcutta,  with  the  following  results : 


Ninety-seven 
presented  themsel 

Allen,  P.  A. 
Bulmford,  W.  C. 
Blossom,  John 
Bourke,  G.  W. 
Can-,  A.  I. 
Clough,  W.  H. 
Creese,  H.  R. 
Cutler,  D.  G.  S. 
Davis,  Miss  D.  B. 
Dodwell,  Miss  M. 
Dowsett,  R.  E. 
Finch,  G. 
Forster,  W.  A. 


Part  I.— Section  A. 

candidates   sent   in   their   names,  of  whom   eighty-three 
ves,  and  thirty-seven  passed,  namely : 


Gibberd,  J.  A. 
Godfrey,  G.  H. 
Haynes,  T.  W. 
Holmes,  G.  L. 
Hornsby,  S.  J. 
Horsley,  N.  A. 
McLachlin,  J.  L. 
Mann,  A.  H. 
Miller,  I.  A. 
Murrell,  R. 
Parker,  R.  O. 
Paul,  H.  C. 
Pedoe.  A. 


Polden,  L.  S. 
Rowan,  H.  R. 
Sanger,  C.  W. 
Saunders,  F.  W. 
Schwehr,  W.  E.  P. 
Starke,  L.  G.  K. 
Taylor,  J.  A.  G. 
Vaidyanathan,  L.  S. 
Vaidyanathan,  M. 
Williamson,  AV.  H.  R 
Yetton,  J.  L. 


Paet  I. — Section  B. 


Eight\'-seven   Candida 
presented  themselves,  and 

Balmford,  W.  C. 
Blossom,  John 
Bourke,  G.  W. 
Chapman,  H.  V. 
Charles,  A.  H. 
Elrick,  W. 
Finch, G. 
Forster,  W.  A. 
Freeman,  H. 
Gardner,  W.  F. 
Haynes,  T.  W. 
Jones,  H.  Q. 


tes   sent   in    their   names,    of    whom   seventy-six 
thirty-four  passed,  namely: 


Kingham,  C.  E. 
Legge,  Miss  P. 
Lockwood,  B. 
McLachlin,  J.  L 
Miller,  I.  A. 
Milnes.  H.  L. 
Murrell.  R. 
Nisbet,  J.  D.  P. 
Patterson,  J.  R. 
Pedoe,  A. 
Perks,  W. 
Reynolds,  P.  C. 


Sanger,  C.  W. 
Southwell,  M.  G. 
Starke,  A.  W. 
Starke,  L.  G.  K. 
Taylor,  J.  A.  G. 
Tullock,  Miss  M.M.N. 
Turner,  G.  C. 
Vaidyanathan,  L.  S. 
Walker,  J.  R. 
Walker.  ]{.  B. 
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Pabt  II. 

Thirtj'-eight   candidates   sent    iu   their   names,    of    wlioni    thii't\--two 
presented  themselves,  and  twenty  passed,  nameh* : 

Barnsley,  J.  C.  Houseman,  D. 

Brown,  E.  A.  L.  Johnston,  W.  N. 

Bryson,  S.  F.  A.  !     Lochhead,  R.  K. 
Childe.  E.  R.  Miles.  G. 


Freeman,  H. 
Garland,  W.  E. 
Hooker,  P.  F. 


Millward,  G.  D. 
Ferryman,  F.  S. 
Rowell,  A.  H. 


Taylor,  F.  G. 

Thomas,  J.  H. 

Waller,  F.  W. 

Watson,  D.  J. 

Williams,  E. 

Woodrow,  G. 


pAKt  III.— Section  A. 


Twenty-nine   candidates   sent    in   their  names,  of   whom  twenty-eight 
presented  themselves,  and  eight  passed,  name!}' : 

Clegg,  C.  Mabon,  J.  B.  Warren,  C.  F. 

Knowles,  M.  B.  Maddex,  G.  H.  Woffindin,  R.  H. 

Lafford,  H.  G.  Thompson,  F.  A. 


Pakt  III.— Section  B. 

Thirt^'-one   candidates   sent   in   their    names,    of    whom    twenty-nine 
presented  themselves,  and  nineteen  passed,  namely  : 

Atkins,  F.  C.  Jones,  R.  McK  Spurgeon,  C.  B. 

Blake,  W.  T.  C.                    LafEord,  H.  G.  \  Thompson,  F.  A. 

Brown,  S.  P.  |      Maddex,  G.  H.  I  Watson,  A.  D. 

Carpmael,  0.  '      Moore,  W.  R.  i  Weyev,  D. 

David.son,  A.  R.                  O'Brien,  H.  I  Woffindin,  R.  H. 

Denmark,  R.  J.                   Reid,  W.  C.  ' 
Gostelow,  C.                          Rutherford,  C.  D. 


Part  IV. — Section  A. 

Twenty  candidates  sent  in   their  names,   of  whom   nineteen  presented 
themselves,  and  seven  passed,  namely  : 

tBrown,  A.  E.  tHarrington,  E.W.  fPollard,  E.  C. 


tChatham,  E.  F. 
fDrake,  C.  C.  H. 


fKlagge,  0.  C.  J. 
fPenn,  C.  S. 


Those  marked  (f)  liave  now  completed  the  Examination  for  the  Class  of  Fellow. 

By  Order  of  the  Council, 

A.  C.  THORN E, 

Chairman  of  Board  of  Examiners. 

W.  PALIN  ELDERTOX, 
H.  M.  TROUNCER, 

Joint  Honorary  Secretaries. 
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LECTURES   ON   STATISTICS. 

The  following  is  tlie  Syllabus  of  a  course  of  five  lectures 
delivered  during  the  current  session  before  the  members  of 
the  Institute,  at  Staple  Inn  Hall,  by  Miss  Ethel  M.  Elderton, 
Kesearch  Fellow,  University  College,  London  : 

SOME   PRACTICAL   EXAMPLES   OP   STATISTICAL   WOI!K 
WITH   SPECIAL   REFEREXCK   TO   CORRELATION. 

1.  Explanation  of  terms  ;  collection  of  data,  &c.  ;  graphic  work. 

2.  Means  and  standard  deviations  and  their  numerical  calculation 
and  why  they  are  wanted  in  measuring  correlation. 

3.  Simplest  method  of  calculating  correlation. 

4.  Regression  and  the  product-moment  method. 

5.  Interpretation   of  results  and    discussion*  of  various   points 
that  arise. 


Harry  Watson,  Student  of  the  Institute,  2nd  Lieutenant,  King's 
Liverpool  Regiment. 

Killed  in  Action  12  Augnst  1916. 

Arthur    Vernon    Clare,    Probationer    of    the    Institute,    2nd 
Lieutenant,  1/21  Battalion  London  Regiment. 

Killed  in  Action  15  September  1916. 


Oct.  1920.]  117 


.1  ()  U  R  N  A  L 


INSTITUTE    OF    ACTUARII-^S 


Neicton's  Inteiyolation  Formulas.     Further  Notes  hy  Duncan 
C.  Fraser,  M.A.,  F.I.A. 

±HE,OUGH  the  kindness  of  Mr.  Lidstoiie,  I  have  had  an 
opportunity  of  seeing  a  letter  from  an  en?inent  mathematical 
authority  who  writes  from  Edinburgh^  and  in  the  course  of  a 
friendly  reference  to  previous  contributions  on  this  subject 
expresses  the  view  that  in  my  enthusiasm  for  Xewton  I 
have  done  some  injustice  to  NeAvton's  great  contemporary, 
James  Gregory.     He  says  : 

"  There  are,  I  think,  strong  reasons  for  concluding  that 
"  Newton's  formula 

"        /(«+H)=/(<»)  +  «A/'(«)+  '^^^■'Ay(a) 

"  was  really  discovered  first  by  Gregory.  At  any  rate 
"  there  is  no  doubt  that  Gregory  was  the  first  person  to 
"  communicate  the  formula  to  any  other  human  being, 
"  namely,  in  the  letter  to  Collins,  of  date  23  Xovember  1 670, 
"  which  is  printed  in  Kigaud's  Correspondence  of  iScientific 
"  Men  of  the  XVIIth  Century,  v.  ii,  p.  209.  He  gives  a 
"worked  out  example,  Rigaud,  p.  211-       Now  we  know 

VOL.    LII.  K 
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"  that  Collins  kept  up  a  regular  correspondence  with  both 
'^  Gregory  and  Newton^  and  that  he  transmitted  to  Newton 
"  what  he  got  from  Gregory  (he  says  so  himself^  Kigaud, 
"  V.  ii,  p.  335) ;  and  we  know  that  Gregory  in  his  letter 
"  calls  the  formula  'my  formula^  and  that  neither  he  nor 
"  Collins  at  the  time  suggested  that  Newton  might  know 
"  of  it,  and  that  Newton  did  not  mention  it  in  any  letter  or 
"  publication  for  some  years  after.  The  w^orld  owes 
"  much  to  Collins  who  kept  copies  of  these  letters.  His 
"  introduction  of  himself  in  his  first  letter  to  Gregory  is 
'^  delightful  :  '  Sir,  it  was  once  my  good  hap  to  meet  with 
"  you  in  an  ale  house.' " 

The  criticism  comes  from  a  source  wdiich  is  entitled  to  the 
highest  respect.  The  evidence,  however,  for  the  priority  of 
Newton  is,  I  think,  complete  and  convincing,  and  I  am  glad  to 
have  the  opportunity  of  setting  it  out  in  full  detail.  But  first 
of  all  it  may  be  appropriate  to  give  some  account  of  the 
persons  Avho  come  into  the  story  and  of  their  relations  to  one 
another. 

James  Gregory  (1638-1675),  one  of  the  most  eminent 
mathematicians  and  astronomers  of  his  daj',  is  now  best 
remembered  by  his  simple  and  familiar  series  for  an  angle  in 
terms  of  the  powers  of  its  tangent,  announced  in  the  following 
terms  in  a  letter  dated  15  February  1671,  to  John  Collins 
(Rigaud,  V.  ii,  p.  216)  : 


Sit  Radius    =  r 

Arcus     =  a 

Tangens  =  t 

Secans    =  s 

^■^'"^'-i'^L-h 

+ 

,  &c, 

The  series  does  not  I  believe  appear  in  any  of  his  published 
works,  Gregory  beiug  satisfied  that  the  announcement  to 
Collins  was  as  good  as  publication  to  the  world.  He  Avas  the 
inventor  of  the  reflecting  telescope,  and  it  was  Avhen  he  came 
to  London  in  1664  or  1665  to  get  an  instrument  constructed 
that  he  made  the  acquaintance  of  Collins,  who  was  able  to 
introduce  him  to  the  best  glass  grinders.  From  London  he 
Avent  to  the  University  of  Padua  where  he  spent  the  next 
three  or  four  years  and  published  his  earliest  works.  From 
1668-1674   he   was  Professor  at   St.  Andrews^  aud  was  then 
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appointed  the  fii-st  exclusively  mathematical  Professor  in  the 
University  of  Edinburgh,  but  he  died  suddenly  after  occupying 
tliat  position  for  only  fifteen  months.  He  was  the  greatest 
representative  of  one  of  the  most  remarkable  scientific  families 
this  country  has  produced.  From  his  day  to  ours,  the  intervals 
have  been  few  and  short  in  which  a  Gregory  has  not  occupied 
a  Professorship  or  Lectureship  in  some  department  of  science. 
His  lineal  descendants  in  four  successive  generations  supplied 
Professors  of  Medicine  to  the  Universities  either  of  Abei'deen 
or  Edinburgh,  and  his  great-great-grandson,  Duncan 
Earquh arson  Gregory  (ISlo-lS-l^),  was  Avell  known  as  the  first 
editor  of  the  Cambridge  Mathematical  Journal.  Of  his 
•collateral  descendants  two  nephews,  David  and  James,  may  be 
specially  mentioned.  David  Gregory  (1661-1708)  became 
Professor  of  Mathematics  in  the  University-  of  Edinburgh  at 
the  age  of  23,  and  after  occupying  that  chair  for  seven  years 
went  to  London  in  1691  and  made  the  acquaintance  of  Newton, 
Avhose  intimate  friend  he  became.  Ne^vton  introduced  him  to 
Flamsteed,  and  through  the  active  support  of  these  influential 
friends  he  was  chosen  Savilian  Professor  of  Astronomy  at 
Oxford.  David's  brother,  James  Gregory  the  younger, 
succeeded  him  as  Professor  of  Mathematics  at  Edinburgh,  and 
was  also  on  friendly  and  familiar  terms  with  Newton.  Another 
•collateral  descendant,  Thomas  Reid,  Professor  of  Philosophy 
at  Aberdeen  and  at  Glasgow,  has  preserved  an  anecdote  of 
the  younger  James  Gregory  which  I  quote  with  the  special 
aim  of  placating  my  Edinburgh  friends.  James  Gregory,  he 
tells  us,  being  one  day  in  faniiliar  conversation  with  Sir  Isaac 
Newton  at  London,  Sir  Isaac  said  :  "  Gregory,  I  believe  you 
do  not  know  that  I  am  a  Scotchman."  "  Pray,  how  is  that", 
said  Gregory.  Sir  Isaac  Newton  said  he  was  informed  that 
his  grandfather  (or  great-grandfather)  was  a  gentleman  of 
East  (or  West)  Lothian,  that  he  went  to  Londou  with  King- 
James  I  at  his  accession  to  the  Crown  of  England,  and  that 
he  attended  the  Court  m  expectation  as  many  others  did  until 
he  spent  his  fortune,  by  which  means  his  family  was  reduced 
to  low  circumstances.  "  At  the  time  this  was  told  me  ",  Eeid 
remarks,  "  Mr.  Gregory  was  dead;  otherwise  I  should  have 
had  his  own  testimony,  for  he  was  my  mother's  brother." 

John  Collins  (1625-1683)  was  an  accountant  in  the  City  of 
London,  expert  in  his  profession  and  interested  in  the  scientific 
side  of  his  work.     Although  the  science  of  life  contingencies 
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had  not  yet  appeared  above  the  horizon  he  may  be  regarded 
as  the  nearest  equivalent  in  his  time  to  the  modern  actuary. 
He  spent  seven  years  of  his  life,  between  the  ages  of  17  and 
24,  during  the  period  of  the  Civil  War,  in  an  English  ship 
employed  by  the  Venetians  in  defending  Candia  against  the 
Turks.  At  sea  he  learned  the  elements  of  navigation  and 
mathematics,  and  on  returning  to  London  in  1649,  he  got  into 
communication  with  Foster,  lecturer  in  astronomy  at  Gresham 
College,  who  supplied  him  with  lists  of  mathematical  books  so 
that  he  might  extend  his  studies.  His  first  letter  to  James 
Gregory  throws  an  interesting  light  on  his  occupations  and 
interests.  My  Edinburgh  ci'itic  has  already  quoted  a  few 
words  from  it  and  I  extend  the  quotation.  Sion  College,  on 
the  Thames  Embankment,  mentioned  at  the  beginning  of  the 
extract,  was  and  is  famous  for  its  library,  and  before  the 
great  l^'ire  of  London  was  attractive  to  mathematicians  on 
account  of  its  mathematical  books  and  MSS.  The  early 
mathematician  Torporley  (1 564-1632),  who  had  been  Secretary 
to  Francis  Vieta  of  Fontenoy,  the  founder  of  modern  algebra, 
left  his  MSS.  to  Sion  College  Avhere  he  spent  the  last  years  of 
his  life  :  but  nearly  all  its  treasures  were  destroyed  in  the 
Fire,  and  the  library  had  to  be  reconstituted.  The  letter  from 
which  I  quote  was  written  to  Gregory  at  Padua  and  the  date, 
which  is  not  given,  would  appear  to  be  early  in  1668 
(Rigaud,  V.  ii,  p.  178)  : 

Sir,  it  was  once  my  good  hap  to  meet  with  you  in  an  ale  house 
or  in  Sion  College,  and  though  I  have  not  been  educated  at 
Universities  and  so  my  attainments  are  mean,  yet  I  have  an 
ardent  love  to  these  studies,  and  endeavouring  to  raise  a  catalogue 
of  mathematical  books,  and  to  prociu-e  scarce  ones  for  the  use  of 
the  Eoyal  Society  and  my  own  delight,  I  crave  your  assistance  in 
procuring  what  I  mention  in  this  letter  or  the  enclosed  paper. 

I  can  give  you  an  account  of  many  books  printed  lately 

at  Paris,  and  some  of  them  for  private  persons,  which  I  wish  I 
could  have  for  my  money  and  perchance  you  will  desire  to  meet 
with  some  of  them  in  your  return.  I  am  now  in  a  troublesome 
employment  that  prevents  my  studies,  to  wit.  Chief  Accountant 
to  the  Commissioners  for  examining  the  accounts  of  the  late 
war,  and  manage  an  accountantship  in  the  Excise  Office  by  a 
substitute  ;  so  that  if  you  vouchsafe  an  answer,  direct  it  to  me 
as  an  Accountant  at  the  Excise  Office  in  Bloomsbury,  to  be  left 
Avith  Mr.  Bourne  at  the  posthouse. 

This  may  be  supplemented  from  a  letter  of  Collins  written 
to  another  correspondent  in  1672  (Rigaud,  v.  i,  p.  200)  : 
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I  correspond  with  Dr.  Wallis.  Mr.  Bernard,  Mr.  Newton, 
Mr.  Towneley,  ^Ir.  Gregory,  Pere  Bertit.  Slusius,  Borellius,  &c. 

I  am  about  to  turn  stationer  myself ;  and  as  I  have  been,  so 

I  believe  I  shall  continue  as  eager  as  any  man  to  get  good  books 
printed.  I  have  been  employed  nearly  2 J  years  under  Mr. 
Slingesby,  Mint  Master,  as  Secretary  (and  a  Member)  of  the 
Council  of  Plantations,  and  have  received  but  little  more  than  a 
tithe  of  my  pay.  A  pension  I  had  of  £50  per  annum,  half  my 
salary,  a  little  while  of  the  King  for  the  loss  of  my  place  as  an 
accountant  in  the  Excise  Office,  by  reason  of  altermg  the 
administration  thereof  since  the  late  Lord  Treasurer's  death, 
and  that  hath  been  stopped  these  twelve  months,  as  is  likewise 
my  wife's  pay  as  laundress  of  the  table  linen  to  the  Queen  ; 
the  King's  debts  and  occasions  for  the  war  diverting  the  money. 
And  now  the  Council  of  Plantations  is  likewise  to  be  a  Council 
of  Trade  ;  and  Mr.  Slingesby,  conceiving  the  trouble  will  be 
great,  and  the  pay  as  uncertain,  leaves  his  Secretary's  place, 
and  advises  me  to  leave  that  employment  and  to  manage  the 
Earthing  Office,  to  deliver  out  all  that  are  coined  on  Tuesdays, 
Thursdays  and  Saturdays  ■  in  the  mornings,  in  crown-papers 
ready  tied  up  ;  the  salary  £50  per  annum  and  a  fair  dwelling- 
house,  which  I  think  may  be  in  or  near  Fenchurch  Street,  where 
having  a  convenient  shop  I  intend,  God  willing,  to  set  up  a 
Stationer's  trade  (and  have  a  j^romise  of  serving  the  Mint),  and 
afterwards  hope  to  fall  into  the  printing  of  books,  especially  some 
of  the  copies  of  the  members  of  the  Royal  Society,  and  some  of 
my  own,  particularly  one  of  the  modern  advancement  of  Mathe- 
matical Sciences,  and  an  Account  of  the  best  authors  of  that 
kind,  and  some  others  which  I  intend,  of  which  more  hereafter. 
The  last  ages  were  too  ignorant  of  mathematics 

I  married  the  younger  daughter  of  two  only  children  of 
Mr.  Wm.  Austin,  who  being  one  of  His  Majesty's  Cooks  when 
Prince  of  Wales,  was  by  Dr.  Wilkins'  means,  made  and  continued 
master  cook  of  Wadham  College  in  Oxford  during  the  late 
troubles,  and  is  now  master  cook  to  His  Majesty  of  the  Lord's 
kitchen.  I  live  at  my  said  father-in-law's  house  in  Petty 
France,  AVestminster,  over  against  the  Adam  and  Eve. 

He  had  been  elected  in  1667  a  member  of  the  Hoval 
Society,  of  which  Dr.  Wilkins  (afterwai-ds  Bishop  Wilkins) 
■was  one  of  the  founders.  His  dreams  of  setting  up  as 
Bookseller  and  Publisher  were  never  fulfilled,  probably  for 
want  of  capital.  He  Avas  not  a  man  of  means,  though  he  was 
lavish  in  his  expenditure  on  books.  Here  is  an  extract  from 
another  letter  in  1677  (Rigavid,  y.  ii,  p.  23)  : 

It  hath  been  my  misfortune  to  be  concerned  in  public  employ- 
ments, as  in  the  Council  of  Plantations,  &c.,  wherein  I  have  not 
been  paid,  and  have  great  arrears  due  to  me,  for  want  whereof 
I  am  almost  ruined  ;  and  having  a  numerous  family  to  maintain. 
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to  wit,  a  wife  and  seven  small  children,  I  am  forced  to  undertake 
such  occasional  business  as  ofiers  and  by  consequence  to  neglect 
a  correspondence  with  the  learned,  which  though  unworthy  I 
much  covet. 

Such  occasional  and  remunerative  business  as  the 
disentangling  of  intricate  accounts  necessarily  occupied  much 
of  his  time.  He  had  published  in  1652  an  introduction  to 
Merchants'  Accounts,  of  which  be  brought  out  a  second  edition 
in  May  1665  ;  but  he  writes  in  the  following  February  that  by 
reason  of  the  contagious  death  of  the  bookseller  (during  the 
plague)  it  was  not  yet  procurable ;  and  a  year  later  he  mentions 
that  this  Avork,  lately  re-printed,  underwent  the  fate,  i.e  ,  the 
issue  was  destroyed  in  the  great  Fire  of  London. 

His  fame  rests  not  on  any  original  work  of  his  own,  but  on 
his  correspondence  with  the  learned  men  of  his  time.  He 
constituted  himself  the  principal  centre  and  medium  for  the 
circulation  of  information  on  new  discoveries,  and  for  the 
collection  and  distribution  of  new  books,  British  and  Foreign. 
The  publication  of  the  works  of  Barrow  and  ^^'allis  and  other 
authors  was  arranged  by  him,  and  he  supervised  them  while 
they  were  passing  through  the  press.  He  writes  to  Wallis 
(Rigr.ud,  V.  ii,  p.  468): 

ilr.  Pitts,  a  stationer  in  Little  Britain  (of  whom  I  can  give  no 
other  than  a  good  character),  understanding  from  Mr.  Branker, 
a  late  fellow  of  Exeter  College,  who  now  lives  with  Lord  Brereton 
in  Cheshire,  that  you  had  prepared  sundry  tracts  for  the  press, 
is  very  desirous  to  undertake  any  of  them  and  to  treat  with  you 
for  that  pm-pose,  promising  that  they  shall  come  out  on  very 
good  paper  like  Schooten's  Miscellanies,  and  the  cuts  to  be 
suitable  thereto,  which  may  be  done  by  Mr.  Marke,  and  indeed 
passing  by  morning  and  night,  and  at  noon  too,  if  need  recjuire, 
I  should  afiord  my  endeavour  to  have  it  carefully  corrected. 

The  position  of  Collins  as  a  medium  of  communication  was 
so  generally  accepted  that  mathematicians  writing  to  one 
another  sent  their  letters  through  Collins  with  the  view  of 
ensuring  their  general  circulation ;  and  in  that  age  of  nmtual 
jealousies  and  suspicions,  particularly  between  British  and 
Foreign  w-riters,  there  can  be  no  doubt  that  in  taking  this 
course  they  were  also  influenced  by  the  desire  that  the  credit 
of  their  original  work  should  be  secured  to  them  and  placed 
upon  record  by  his  impartial  and  disinterested  authority. 
Thus  Wallis,  writing  in  1676,  sends  to  Collins  a  long  Latin 
which  is  meant  for  transmission  abroad  to  Tschirnhaus, 
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and  with  it^  in  merciful  consideration  for  Collins's  weak 
Latinity,  an  English  translation.  Some  remarks  of  Wallis  in 
a  P.S.  as  to  the  printing  of  letters  probably  refer  to  their 
publication  in  the  "  Philosophical  Transactions "  issued 
periodically  by  the  Royal  Society.  He  says  (Rigaud,  v.  ii, 
p.  600)  : 

Mr.  Baker's  (letter)  I  doubt  is  too  long  to  transcribe.  I  had 
rather  see  it  in  print  ;  and  Mr.  Newton's  also.  '  As  to  our 
correspondence  with  the  French  I  like  it  best  when  it  is  done  in 
print,  they  being  apt  to  be  disingenuous  in  claiming  all  for  their 
own  which  they  have  from  hence,  without  owning  whence  they 
have  it. 

Collins's  collection  of  letters  passed,  25  years  after  his 
death,  into  the  hands  of  William  Jones,  to  whom  the 
publication  of  Xewton's  "Method  of  Differences"  was  due. 
William  Jones  was  tutor  to  Greorge  Parker,  afterwards  second 
Earl  of  Macclesfield  and  President  of  the  Hoyal  Society,  and 
lived  for  many  years  with  him  as  a  member  of  his  family.  In 
this  way  the  Collins  papers  came  into  possession  of  the  Earl 
of  Macclesfield  and  are  usually  known  as  the  Macclesfield 
Collection.  They  were  edited  in  1841  by  S.  J.  Rigaud  and 
published  under  the  title  of  "Correspondence  of  Scientific 
Men  of  the  17th  .Centuty."  It  should  be  mentioned,  however, 
that  the  series  of  letters  in  the  Macclesfield  Collection  and  in 
Rigaud's  volumes  is  not  complete.  After  the  death  of  James 
Gregory,  the  letters  received  from  him  were  deposited  with 
the  Royal  Society  by  Collins,  who  retained  only  copies  and 
rough  notes  of  some  of  them.  The  docujnents  deposited  with 
the  Royal  Society  were  used  in  the  compilation  of  the 
Commercium  Epistolicum,  and  from  that  source  it  is  possible 
to  supplement  the  information  which  can  be  gained  from 
Rigaud's  two  volumes. 

Collins  was  first  brought  into  touch  with  Newton  by 
Barrow,  who,  being  solicitous  that  Newton  should  not  lose  the 
credit  of  his  early  discoveries,  adopted  the  recognized  method 
of  securing  publicity  and  wrote  to  Collins  the  following  letters 
which  are  numbered  I,  II  and  III  in  the  Commercium 
Epistolicum.  That  compilation  is  entirely  in  Latin,  and  I 
have  translated  the  portions  which  are  here  quoted. 

I.— 20  June  1669. 
A  friend  of  mine  in  residence  here,  who  possesses  uncommon 
abihty  in  these  matters,  handed  me  the  day  before  yesterday 
some  papers  in  which  he  described  methods  of  computing  the 


]24  Neivton's  Interpolation  Formulas.  [Oct. 

dimensions  of  magnitudes,  similar  to  the  method  used  by  Mercator 
for  the  h}^erbola  but  much  more  general ;  and  these  methods 
serve  also  for  the  solution  of  equations  ;  I  think  they  will  please 
you  and  I  will  send  them  with  my  next  letter. 

II.— 31  July  1669. 
I  send  you,  as  promised,  my  friend's  papers,  which,  as  I 
hope,  will  afford  you  no  little  pleasure.  Send  them  back  I  beg, 
when  you  have  read  as  much  of  them  as  you  desire,  for  he  made 
this  stipulation  when  I  first  asked  for  permission  to  communicate 
them  to  you.  I  adjure  you,  therefore,  let  me  know  that  you 
have  received  them  ;  I  am  anxious  because  I  have  taken  the 
risk  of  sending  them  by  the  public  carrier  so  as  to  comply  with 
your  wishes  as  quickly  as  possible. 

III.— 20  August  1669. 
I  am  glad  my  friend's  papers  have  pleased  you.  His  name  is 
Newi;on,  a  Fellow  of  our  College,  and  a  young  man,  being  still 
only  in  the  year  following  that  in  which  he  took  the  Degree  of 
Master  of  Arts  ;  he  has  made  very  great  progress  in  this  subject, 
in  which  he  has  uncommon  ability.  Communicate  the  jDapers 
if  you  wish  to  our  noble  friend.  Viscount  Brounker.* 

Collins  immediately  entered  into  a  correspondence  with 
Newton,  and  on  the  19  January  1670,  Xewton  writes  to  liim 
as  follows  (Rigaiid,  v.  ii,  p.  281)  : 

I  received  Dr.  Wallis  his  Mechanics,  which  you  sent  to 
]\Ir.  Barrow  for  me.  I  must  needs  acknowledge  you  more  than 
ordinarily  obliging  and  myself  puzzled  how  I  shall  quit  courtesies. 

The  problems  you  proposed  to  me  I  have  considered,  and 
send  you  herewith  the  best  solutions  of  one  of  them  that  I  can 
contrive  ;  namely,  how  to  find  the  aggregate  of  a  series  of 
fractions,  whose  numerators  are  the  same  and  their  denominators 
in  arithmetical  progression 

He  proceeds  to  discuss  this  question  at  length.  Kigaud 
dates  this  letter  1669;  but  it  is  clear  from  the  reference  to 
Wallis's  Mechanics  that  the  year  is  wrongly  given  and  should 
be  1670.  In  dealing  with  the  correspondence  of  that  period 
caution  is  always  necessary  in  considering  letters  dated  in  the 
early  part  of  any  year  on  account  of  the  confusion  of  the  old 
and  new  styles.  The  work  mentioned  was  seen  through  the 
press  for  Wallis  by  Collins,  and  Wallis  acknowledges  receipt 
of  the  earliest  copies  on  the  11  January  1669-70  (Higaud 
V.  ii,  p  520).  There  is  the  same  confusion  as  to  the  date  of 
the  next  letter  from  Newton  to  Collins,  which  is  given  by 
Kigaud  as  6  February  1669,  but  should  be  6  February  1670. 
*  President  of  the  Royal  Society. 
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This  letter  (Rigaud,  v.  ii,  p.  287),  in  whicli  Newton  gives  an 
approximate  solution  of  the  problem  of  determining  the  rate 
of  interest  in  an  annuity  has  been  quoted  and  discussed  by 
De  Morgan  {J.I. A.,  vol.  viii,  p.  64). 

Then  comes  a  letter  from  Newton  to  Collins,  the  date  of 
which  is  clearly  expressed  as  18  February  1669-70  (Rigaud, 
V.  ii,  p.  296).     I  give  the  letter  in  full  : 

Sir,  Two  days  since,  I  received  yours  and  ^Ir.  Dary's  letter 
with  the  book,  for  which  I  thank  Mr.  Dary  and  have  herein 
enclosed  sent  him  my  thoughts  of  what  he  desired.  That  solution 
of  the  annuity  problem,  if  it  will  be  of  any  use,  you  have  my 
leave  to  insert  it  into  the  Philosophical  Transactions,  so  it  be 
without  my  name  to  it.  For  I  see  not  what  there  is  desirable 
in  public  esteem,  were  I  able  to  acquire  and  maintain  it.  It 
wotdd  perhaps  increase  my  acquaintance,  the  thing  which  I 
chiefly  study  to  decline.  Of  that  problem  I  could  give  exacter 
solutions,  but  that  I  have  no  leisure  at  present  for  computations. 
I  now  see  a  way,  too,  how  the  aggregate  of  the  terms  of  musical 
progressions  may  be  found  (much  after  the  same  manner),  by 
logarithms,  but  the  calculation  for  finding  out  these  rules  would 
be  still  more  troublesome  and  1  shall  rather  stay  till  you  have 
leisure  to  do  me  the  favour  of  communicating  what  you  have 
already  composed  on  that  subject. 

De  Morgan,  who  drew  up  the  useful  table  of  contents  to 
Rigaud^s  volumes  (Rigaud,  v.  ii,  p.  611-644),  remarks  on  this 
letter  that  it  is  "  one  of  the  earliest  evidences  of  Newton^s 
temperament  on  the  publication  of  discoveries.''^  Some  years 
later,  Newton  writes  to  Collins  in  a  letter  dated  8  November 
1676  (Rigaud,  v.  ii,  p.  403)  :  "  I  have  learned  what  is  to  my 
convenience,  which  is  to  let  what  I  write  lie  by  till  I  am  out 
of  the  way  "  ;  and  there  is  no  doubt  of  his  morbid  shrinking 
from  publicity.  Much  of  Newton's  work  would  have  been 
lost  to  the  world  and  much  would  have  been  credited  to  other 
people  but  for  the  assiduous  efforts  of  Collins,  as  well  as  of 
other  friends,  in  gathering  and  disseminating  information  as 
to  what  he  had  done. 

Collins  had  mentioned  Newton's  name  to  Gregory  in  a 
letter  dated  25  November  1669,  which  does  not  appear  in  the 
Macclesfield  correspondence,  but  is  given  as  Item  No.  XIA*"  in 
the  Commercium  Epistolicum,  as  follows  : 

Barrow  has  handed  over  his  position  as  public  lecturer  to  a 
young  Cantab  named  Newton,  who  has  been  mentioned  by  him 
as  a  man  of  the  finest  ability  in  the  preface  to  his  Optical 
Lectures  ;    and    who    before    the    appearance    of    Mercator's 
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Logarithniotechnia  had  hit  upon  the  same  method  and  applied 
it  in  a  general  manner  to  all  curves,  and  in  a  variety  of  ways  to 
the  circle. 

At  this  point  there  is  a  gap  in  the  correspondence,  but 
what  happened  is  clear  from  later  letters.  Gregory  had 
expressed  a  strong  desire  for  further  information  about 
Newton's  work  (see  his  letter  of  23  November  1670,  given 
later)  ;  and  Collins  writing  on  the  24  December  1670  (Comm. 
EpistoHcum,  XIX)  recalls  that  : 

When  Mr.'  Dary  published  his  Miscellanea  (1669)  he  sent  a 
copy  to  Newton,  who  in  retiurn  gave  the  said  Dary  a  series  for 
the  zone  of  a  circle  which  I  sent  to  you.  Without  any  doubt 
this  is  a  legitimate  and  excellent  series.  Through  the  good 
offices  of  Barrow  I  received  a  number  of  other  series,  derived 
from  Newton's  general  method 

Newton's  acknowledgment  of  Dary's  book  has  already 
been  given  above.  Dary,  who  was  a  gauger  in  Bristol  and 
afterwards  in  Newcastle,  had  considerable  mathematical 
ability,  and  his  interesting  method  of  obtaining  approximate 
numerical  solutions  of  equations  has  recently  been  revived  by 
Sir  Ronald  Ross.  The  series  which  Newton  sent  to  Dary  and 
which  Collins  sent  along  with  other  series  to  Gregory  is 
recorded  by  Gregory  in  a  letter  dated  20  April  1670  (Comm. 
Epistolicum,  XV)  : 

1  cannot  understand  the  series  sent  by  you  for  the  zone  of 
a  circle,  namely : 

npj,     ^         B"*  B'  5B"  f, 

3R  "  20R=^  "  56R^      576R'~'     ''• 

If  this  be  correctly  transcribed  I  susjiect  that  it  is  not  a 
legitimate  series. 

If  X  be  written  for  -rr,  the  expression  quoted  above  by 
Gregory  takes  the  form 

1  x^        1  OJ'         1 


7        128  9  J' '*^'^"' 


\       2  3       8  5       16  7 

and  the  history  of  the  discovery  of  the  series  within  the 
brackets,  which  expresses  the  integral  of  (1— a,^)*,  w^as  given 
by  Newton  in  his  letter  to  Leibnitz  of  24  October  1676,  of 
which  I  have  given  a  translation  in  a  previous  contribution. 
It  will  be  remembered  that  this  was  the  very  first  series 
obtained  by  Newton  and  that  it  was  immediately  connected 
with  the  discovery  of  the  Binomial  Theorem.     That  it  continued 
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to  be  for  some  time  a  puzzle  to  Gregory  is  shown  by  the 
following  extract  from  his  letter  of  28  November  1670  to 
Collins  (Rigaud,  v.  ii,  p.  203)  : 

I  suppose  these  series  I  send  you  here  enclosed  may  have 
some  affinity  with  those  inventions  you  advertise  me  that 
Mr.  Newton  had  discovered.  It  was  upon  this  account  I  so  often 
desired  you  to  communicate  the  same  unto  me.  I  shall  also 
give  here  an  approximation  for  the  sines. 

It  is  unnecessary  to  reproduce  the  approximation  here. 
He  continues  : 

It  were  no  hard  matter  to  bring  from  these  several  approxi- 
mations for  the  segments  of  a  circle,  but  it  were  to  no  purpose 
seeing  I  cannot  take  away  the  alternate  powers  as  Mr.  Newton 
doth  in  his  series  (if  it  be  one,  for  the  truth  is  I  cannot  reduce  it 
to  any  of  mine),  yet  I  imagine  that  my  series  may  be  as  shortly 
performed  as  his,  seeing  that  my  continued  proportion  (caeteris 
paribus)  is  much  greater  than  his,  and  hence  the  terms  of  the 
series  vanish  much  more  quickly 

The  letter  from  which  this  extract  is  taken  must  have  been 
a  communication  of  great  length.  Unfortunately  the  original 
has  disappeared,  and  we  have  only  extracts  made  by  Collins 
which  occupy  more  than  ten  pages  of  Rigaud.  From  a 
comparison  Avith  portions  of  the  same  letter  quoted  in  the 
Commercium  Epistolicum  it  would  appear  that  the  original 
was  in  Latin  ;  but  Collins's  extracts,  which  have  the  character 
of  I'ough  notes  made  for  his  personal  use,  are  partly  in  English 
and  partly  in  Latin,  half  a  sentence  sometimes  being  in  one 
language  and  half  in  the  other.  In  my  cpiotations  from  Rigaud 
I  have  turned  the  Latin  wherever  it  occurs  into  English, 

The  following  portions  of  the  letter  are  of  special  interest 
because  they  constitute  the  evidence  which  is  adduced  to 
prove  the  priority  of  Gregory's  discovery  of  the  fundamental 
formula  of  interpolation  (Rigaud,  v.  ii,  p.  208)  : 

A  met  hod  of  inter polaf  ion. 

lu  the  end  of  my  Geometrical  Exercitations  I  fail  exceedingly 

and  hence  in  place  of  anything  I  have  described  there, 

if  we  put 

AP  =  P0  =  6- 
PB  =  (/ 

and  make  the  leading  terms  of  the  1st,  2nd,  3rd,  Ith,  5th, 
ditFerences  =/,  h,  i,  k,  I,  then  taking  all  the  differences  to  be  of 
the  positive  sign,  ABP  Avill  be 

dc       fr        he       \9ic       3lr       863/^     ,,       ■     ■    .   ■, 
2        12       24       720       16i       604S0  "^ 
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However  the  differences  be  affected  I  can  easily  square  the  figure, 
and  by  this  means  all  figures  imaginable.  I  cannot  also  but 
advertise  you  that  Mr.  Mercator's  quadrature  of  the  hyperbola 
is  a  consectary  of  this- 

I  remember  you  did  once  desire  of  me  my  method  of  finding 
the  proportional  part  in  tallies,  Avhich  is  this.  In  figure  8  of  my 
Exercitations  in  the  straight  line  AI  let  there  be  imagined  a  part 
Aa  to  which  ay  is  perpendicular,  y  being  on  the  curve  ABH. 
Giving  the  same  meanings  as  before  to  the  letters  d,  f,  h,  i,  J:.,  I, 

1  ,  ,  V       1  •  £   -i.        •       a    a  —  c    0.  —  2c    a  —  Sc    r,        , , 

let  there  be  an  innmte  series,    -,   ,  , ,  occ.  ;  then 

c       2c         3c  4c 

calling    the    product  of    the    first    2    terms,       ;    of   the    first 

V 

3  terms,  -  ;  of  the  first  4  terms,  -  ;  of  the  first  5  terms,      ,  &c. 
c  c  c 

in  infinitum  ;  the  straight  line  ay  will  be  =       +  -  H —  +  -  +  , 

c        c        c       3 

&c.,  ad  infinitum.  This  method,  as  I  apprehend,  is  both  more 
easy  and  universal  than  either  that  of  Briggs,  il-c,  and  also 
performed  without  tables. 

The  diagram  used  by  Gregoiy  is  not  given  but  can  easily 
be  imagineti.  AB  is  a  curve  of  which  the  end  A  is  at  the 
origin  of  the  axes  of  co-ordinates^  PB  is  fhe  ordinate  at  the 
point  Pj  and  c  is  the  common  distance  between  the  ordinates. 
If  Ave  write  v,  Ar,  A-r^  A^r,  A'^r,  A-^u,  in  place  of  d,f,  h,  i,  k,  J, 
Gregory's  formula  for  the  area  ABP  in  the  first  part  of  the 
above  extract  becomes 


&c. 


c(2.-^A.+  -A^.-^A3.+  ^A^.-g^^g^A^.  +  ) 

The  expi-ession  within  brackets,  after  altering  in  the 
denominator  of  the  5tli  term  164  to  160,  is  tlie  integral 
between  the  limits  0  and  1  of  the  series. 

XiV  +  Xo.Av  +  XaAh-  +  X.A^t;  +  X,A'v  +  X,^h-  + ,  &c., 
where  X„  stands  for 

X(X-])(X-2)-(X-7^+l) 
I"' 
The  relationship  of  this  series  to  the  fundamental  interpo- 
lation formula  of  New^ton, 

iio  +  xAuq  +  x.2^^Uo  +  XsAhio  +  a-jA^i/o  + ,  &c., 

is  seen  at  once  when  we  remember  that  Gregory  arranged  his 
diagram  so  that  iiq  should  be  zero,  and  that  he  accordingly 
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made  A»o  tlie  last  term  of  the  series  of  primary  values. 
Writing  A«=t',  Gregory's  form  is  at  once  obtained. 

In  the  second  part  of  the  extract,  a  is  the  length  of  the 
abscissa  Aoc,  and  when  we  make  the  same  substitution  as  above 

and  write  x  for  - ,  his  formula  for  the  ordinate  a7  takes  the 
c 

form  {xv  +  ,r2 A v  +  a'3 A-u  +  .rj A^u  + ) ,  &c . , 

Avhich,  as  we  have  just  pointed  out,  is  the  equivalent,  on 
Gregory's  assumption,  of   the   Newtonian  form 

U(,  +  OC^U(i  +  X2^'^Uo  + ,  &c. 

In  the  next  extract  Gregory  gives  the  Binomial  Theorem 
(Rigaud,  V.  ii,  p.  209)  : 

To  find  the  number  of  a  logarithm. 

The  logarithms  of  the  two  numbers  b  and  b  +  d  being  e  and 
e  +  c,  it  is  required  to  find  the  number  Avhose  logarithm  is  e  +  a. 

Let  there  l)e  a  series  of  continued  proportionals,  b,  d,   —-, 

b 

d^    p  1         .^  .       a    a  -  c    a  -  2c    a  -  3c     e 

7:7 ,  (fee and  another  series,  - ,  ,    ,   ,  (fee,  ; 

0"  c       '2c  3c  ic 

f 
and  let  the  product  of  the  first  two  terms  of  this  series  be  - ;  of  the 

c 

first  three,  '- ;  of  the  first  four,   - ;  of  the  first  five,  - ,  &c.,  the 

c  c  c 

number  whose  logarithm  is  e  +  a  will  be 

,      ad      0      gd^      hd*      icl'      hf     '    „ 
c         cb        cb         cb        cb         cb 

Hence  by  the  application  of  a  little  industry,  any  pure  equation 
is  solved  Avithout  any  trouble. 

Here,   if  we  take   g   as  the   base  of   logarithms,   g^  =  h,   and 

g^-^c  =  b  +  d,    so     that     g'^=l+j^.      The    number     sought    is 

/        dyi  .  .  d  a 

g«+«=:6  xg'"^^/ 1  +  J  )'-,    and   writing  n  for  y  and  x  for  -, 

Gregory's  formula  is 

&(1  +  nY  =  h[l  +'*-'iH  +  cr2H^4-a'3n-*  +  ),  &c. 

By  a  pure  equation  is  meant  such  an  equation  as  x"'  =  a,  where 
to  find  X  all  that  is  required  is  the  extraction  of  the  ?ith  root 
of  a.  Equations  involving  two  or  more  different  powers  of 
the  unknown  quantity  were  called  affected  equations. 
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Next  follows  the  solution  of  a  question  in  Compound 
Interest  which  had  been  put  to  Gregory  by  Collins  (Rigaud, 
V.  ii,  p.  210): 

An  example  was  desired  about  Hndiug  the  first  of  3G4  means 

between  100  and  106. 

Put  //  =  100 

d=      6 

e=      0 

a=      1 

c=365 

Ti       fi    ^        •       •      1AO     «      ""^S         216  1,296  , 

Ihe    nrst  series    is    100,    6,     — ,  — :— — ,  — ^^ ,  and 

'      '    100    10,000'  1,000,000' 

these  4  terms  are  the  1st,  2nd,  3rd,  and  -1th  differences. 

rp,  1  .        .        1  36+  729  1094    „ 

ihe    second    series    is     — ,  -    — , , ,  cvc. 

365'       730         1095         1460 

TT  f  182         g         132678         .^    .  „  ,i       . 

Hence,    -  = ;    -  = --—  ;   it   follows    thei-efore 

c  133225'     c      145881375 

from  what  precedes 

/>  =  100  =100-      - 

fid^    6  =        -01647123 

c    "  365 


/;/-  655: 


•00049199 


cb  13322500 

g^  _         28,658,448         =        -00001964 
d/  ~  1,458,813,750,000 

all  of  which  added  together  make  the 

mean  proportional  sought  =100-0159919 

The  first  term  of  the  second  series  is    given  in   Rigaud 

s-s  Frrrt  ?  l^ut  it  is  clear  that  this  is  an  error. 

1 

The    value  required  is   that  of  100  x  (l+06)3i»,   and  the 

actual  sum  of  the  numbers  given  above  is  1 000 159989. 
There  are  however  errors  in  the  work  and  a  sufficient  number 
of  terms  is  fiot  taken.     The  corrected  figures  and  the  figures 



of  the  additional  terms  are  as  follows  : 

100- 

■01643836 

-00049180 

•00001965 

-•00000088 

•00000004 


100  01596537 
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The  student  who  cai'es  to  verify  tlie  calculation  will  lind  it 
convenient  to  make  use  of  Erskine  Scott's  10  place  logarithms 
(2nd  edition,  1892,  pp.  386  and  392). 

The  final  extract  from  the  same  letter  is  the  fully  worked 
out  example  which  was  mentioned  by  my  Edinburo-h  critic 
(Rigaud,  V.  ii,  p.  211) : 

An  exannple  of  interpolations. 
The  cube  of  the  number  23  is  required. 


Number 

Cubes 

1st  Diff. 

'2nd  Difr. 

3rd  Dili: 

10 

1000 

2375 

15 

3375 

4625 

2250 

750 

20 

8000 

7625 

3000 

750 

25 

15625 

11375 

3750 

30 

27000 

a=  23 -10  =  13 

<?  =  2375 

/=2250 

h  =  750 

rpi-r.-,  •       aa-Cp       .1341      1 

Ine  mnnite  series  -, ,  &c.,  is  — ,     ,  -,  — , 

c       2c  5     5    5    10 


The  pi 

oducts 

are 

5  '  25'  125'  625" 

And 

1000=    1,000 

1  ^ 

—  x2375=    6,175 

0 

—  x2250=    4,680 
25 

~x    750=       312 
125 

Cube  of  23  =  12,167 


Gregory's  next  letter,  dated  19  December  1670,  is  of 
extreme  importance.  After  despatching  his  communication 
of  ^23  November  from  which   the   above  extracts  have  been 
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taken,  he  returned  to  that  series  of  Newton's  wliich  had  so 
greatly  baffled  and  perplexed  him,  and  this  time  light  broke 
upon  his  mind.  In  the  version  of  the  letter  given  by  Rigaud, 
from  a  paper  in  the  handwriting  of  Collins,  the  word 
"consectary"  which  occurs  here  and  in  other  parts  of  the 
correspondence  is  a  transference  into  English  of  the  Latin 
consectarium  which  has  the  meaning  of  a  necessary 
consequence.  The  reference  to  the  proposition  concerning 
Logarithms  is  to  the  extract  given  above  from  the  November 
letter  in  which,  as  I  have  pointed  out,  (Gregory  had 
propounded  what  is  in  effect  the  Binomial  Theorem.  The 
letter  as  given  by  Kigaud  (v.  ii,  p.  212)  runs  as  follows  : 

Sir,  In  my  last  to  you  I  had  not  taken  notice  that  Mr.  Newton's 
series  for  the  zones  of  a  circle  (which  you  sent  me  a  long  time 
ago),  together  with  an  infinite  number  of  series  of  the  like  nature 
may  be  a  consectary  to  that  which  I  sent  you  concerning 
logarithms  ;  namely,  given  a  logarithm  to  find  its  number,  or 
to  convert  the  root  of  any  pure  power  into  an  infinite  series. 

I  admire  much  my  own  dulness,  that  in  such  a  considerable 
time  I  had  not  taken  notice  of  this  ;  nevertheless  that  I  had 
taken  much  pains  to  find  out  that  series.  But  the  truth  is,  I 
thought  always  (if  so  be  it  were  a  series)  that  I  might  fall  upon  it 
by  some  combination  of  my  series  for  the  circle,  seeing  I  had  such 
infinite  numbers  of  them,  not  so  much  as  once  desiring  any  other 
method. 

Putting  R  for  the  radius  and  B  for  the  breadth  of  the  zone, 
the  area  thereof  producing  the  series  a  little  further  is,  namely, 

B^^         B^  B'  5B-'  7B" 


2RB- 


3R      20R=^      56R^      576R'       U08R'' 

21Bi^  11 B^^' 


6656K"      5120Ri^ 


- ,  &c. 


On  the  same  suppositions  the  arc  whose  sine  is  B 
T.^    B^  ^   3B"'   ^    5B'     ,     35B'^     ,      „ 
=  ^-'6R^-'40R^  +  112R'^+1152R«+'*^- 


I  could  give  you  several  other  series  of  this  nature  but  per- 
chance you  know  more  of  them  than  myself 

The  muffled  English  of  this  version  by  Collins  gives  no 
idea  of  the  vigour  and  vividness  of  the  original  letter  in  Latin 
which  has  fortunately  been,  preserved  in  the  Commercium 
Epistolicum  (No.  XVIII),  and  is  there  stated  to  be  taken  from 
Gregory's  autograph.  On  account  of  the  interest  and 
importance  of  the  letter  I  give  the  original  Latin  : 
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Qiium  postremas  ad  te  dedi  literas,  nondum  animadvertissem 
D.  Newtoni  seriem  de  circuli  zonis,  quam  jamdudum  ad  me 
niisisti,  una  cum  infinito  istiusmodi  serierum  numero,  consec- 
tarium  illius  esse  posse,  quam  misi  de  logarithmis  ;  nenipe  data 
logarithmo  in  venire  ejus  numerum ;  vel  radicem  potestatis 
cujuscunque  purae  in  infinitam  seriem  permutare. 

Me  sane  tam  tardi  fuisse  ingenii  miror  ;  qui  tanto  temporis 
spatio  hoc  non  animadverteram,  quum  tamen  multum  olei  et 
operae  in  ista  serie  expiscanda  impenderam.  At  ut  ingenue 
fateor,  semper  in  animum  induxeram,  si  modo  series  esset,  me 
in  earn  incidere  posse,  ope  aliquarum  e  seriebus  meis  pro  circulo 
inter  se  combinatis  quarum  quidem  plurimas  ad  manus  habeo  ; 

neque    uUam    aliam    desideraram    metliodum Plures 

liujuscemodi  series  proferre  possem,  sed  tu  fortasse  plus  meipso 
de  his  rebus  nosti 

"Me  sane  tam  tardi  fuisse  ingenii":  He  reviles  himself 
as  heartily  as  a  golfer  who  suddenly  discovers  that  he  has 
played  on  to  the  wrong  green. 

This  letter  was  a  frank  acknowledgment  of  Newton's 
priority,  and  Gregory  made  no  subsequent  claim  to  any  credit 
for  his  independent  discovery. 

Hutton  in  his  Mathematical  and  Philosophical  Dictionary 
gives  the  version  of  the  story  preserved  in  Gregory's  faitiily 
as  communicated  to  him  by  Professor  Thomas  Keid,  who  has 
already  been  mentioned  as  one  of  Gregory's  collateral 
descendants.     He  says  : 

That  in  1670  having  received  in  a  letter  from  Collins  a  series 
for  the  area  of  the  zone  of  a  circle,  and  as  Newton  had  invented 
an  universal  method  by  which  he  could  square  all  curves. 
Geometrical  and  Mechanical,  by  infinite  series  of  that  kind, 
Gregory  after  much  thought  discovered  the  universal  method  or 
an  equivalent  one.  Of  this  he  j)erfectly  satisfied  Newton  and 
the  other  mathematicians  of  that  time,'  by  a  letter  to  Collins  in 
February  1671.  He  was  strongly  solicited  by  his  brother  David 
to  publish  his  Universal  Method  of  Series  without  delay,  but 
excused  himself  upon  a  point  of  honoiu:,  that  as  Newton  was  the 
first  inventor  and  as  he  had  been  led  to  it  by  an  account  of 
Newton's  having  such  a  method,  he  thought  himself  bound  to 
wait  till  Newton  should  publish  his  method.  I  have  seen  the 
letters  that  passed  between  the  brothers  on  this  subject. 

Reid  appears  to  have  made  a  slip  in  giving  February  1671 
instead  of  23  November  1670  as  the  date  of  Gregory's  letter 
to  Collins. 

Collins  himself  was  quite  clear  as  to  Newton's  priority. 
I  have  already  quoted  from  his  letter  of  24  December  1670  to 
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Oregory.     He  wrote  to  Berter,  the  French  niatheiiiaiician,  on 
21  Feln-narv  1670-1  (Comm.  Epistolicum,  XXI)  : 

About  four  years  ago  a  general  analytical  method  was  dis- 
covered by  Isaac  Newton  for  the  quadrature  of  all  curves 

James  Gregory,  in  Scotland,  has  quite  recently  hit  uj:)on  the  same 
method. 

On  the  30  July  1672  he  wrote  to  Newton  iX'omm. 
Epistolicum,  XX Vj  : 

I  believe  that  Gregory  has  expended  no  small  labour  i,u 
investigating  series  for  the  extraction  of  roots  in  (Algebraical) 
symbols  after  the  manner  used  by  Yieta  (in  numbers).  However, 
he  is  resolved  not  to  write  anything  on  the  subject  Ijefore  you, 
the  inventor  of  this  method,  have  made  public  your  own 
conclusions,  but  is  intent  upon  other  subjects  in  the  meantime. 

On  the  26  July  1672  he  had  written  to  Strode  (Couim. 
Epistolicum,  XXIV)  : 

In  the  month  of  September  1668  Mercator  published  his 
Logarithmotechnia,  which  contains  an  example  of  this  method, 
i.e.,  of  infinite  series,  in  the  case  of  one  figure  only,  namely,  the 
quadrature  of  the  h}^erbola.  Not  long  after  the  public  appear- 
ance of  that  book  I  sent  a  copy  to  Wallis  at  Oxford,  who  at  once 
gave  a  review  of  it  in  the  Philosophical  Transactions  ;  also  a 
copy  to  Barrow  at  Cambridge,  and  in  return  he  immediately 
sent  some  papers  of  Newton,  who  had  just  succeeded  Barrow  in 
the  public  mathematical  lectures.  From  these  papers  and 
from  other  papers  previously  communicated  by  the  author  to 
Barrow,  it  appears  that  that  method  had  been  thought  out  by 
the  said  Newton  some  years  before,  and  had  been  applied  by 
him  in  a  imiversai  manner  ;  so  that  by  its  use  there  can  be 
obtained  for  any  cirrved  figm'e  that  may  be  proposed,  which  is 
defined  by  one  or  more  properties,  the  quadrature  or  area  of 
the  said  figure,  accurately  if  that  be  possible,  or  else  to  an 
infinitely  near  approximation 

After  Gregory  had  learned  that  this  method  used  by  Mercator 
in  the  Logarithmotechnia  and  employed  for  finding  the  area  of 
the  hyperbola,  Avhich  Gregory  himself  had  augmented,  had  now 
been  generalized  and  applied  to  all  figures  ;  he  arrived  at  the 
same  result  by  intense  study  and  laboiued  hard  in  expounding  it. 

Each  of  them,  Newton  and  Gregory,  has  the  intention  of 
elaborating  this  method.  But  Gregory  does  not  consider  it 
right  to  anticipate  Newton,  its  first  discoverer. 

Gregory  continued  to  correspond  with  Collins  until  the 
month  of  his  sudden  death;  through  Collins  he  was  in 
friendly  communication  with  Newton,  principally  on  the 
subject  of  the  telescope,  and  there  is  no  trace  of  any 
controversy    or    difference   between   them   on    the   matter   in 
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question.  They  do  not  appear  ever  to  have  met,  though 
Newton  in  a  letter  dated  September  1673,  understanding 
that  Gregory  was  then  in  London,  expresses  the  hope 
that  "  Mr.  Gregory  will  be  pleased  to  favor  me  with  a  visit " 
on  his  way  into  Scotland. 

There  is  one  point  on  which  it  may  be  useful  to  add 
a  remark.  Gregor}^  in  his  letter  of  23  November  1670 
incidentally  gave  the  Binomial  Theorem  as  a  particular  case 
of  his  general  interpolation  formula.  It  was  a  perfectly 
familiar  idea  to  the  mathematicians  of  the  time  that  the 
coefficients  of  the  powers  of  x  in  the  expansion  of  {a-{-xy'-, 
were  identical  with  the  coefficients  in  the  expression  for  ti^  in 
terms  of  «o  and  its  differences,  the  coefficients  being  taken 
from  a  table  of  figurate  numbers.  Mercator  in  his 
Lograrithmotechnia,  which  we  know  to  have  been  in  the  hnnds 
both  of  Gregory  and  of  Newton,  after  describing  how  to 
obtain  the  expression  for  w„,  says  that  the  table  of  figurate 
numbers  provides  the  necessary  coefficients  "  in  just  the  same 
"  way  as  the  same  figurate  numbers  provide  the  coefficients 
"  of  the  powers  generated  from  a  binomial  expression '"'" ;  and 
Mercator  was  simply  expounding  the  common  knowledge  of 
his  time. 

But  the  table  of  figurate  numbers  did  not  enable 
mathematicians  to  deal  with  other  than  integral  values  of  n. 
The  general  formula  for  the  coefficients  was  not  known;  and 
it  was  by  enunciating  the  general  formula  that  Newton,  and 
after  him  Gregory,  made  the  great  step  forward  which  enabled 
them  at  one  and  the  same  time  to  express  the  fractional 
powers  of  a  Binomial  in  an  infinite  series  and  to  obtain  the 
general  interpolation  formula  of  Finite  Differences. 


A  Note  on  Mr.  King's  method  of  Graduation  and  its  relation 
to  Graphic  Method.     By  G.  Udny  Ycle,  M.A.,  C.B.E. 

XHE  method  of  graduation  to  which  I  refer  is  that  described 
by  Mr.  King  in  J.I.A.,  vol.  xliii,  pp.  109  et  seq.  {cj\  especially 
§§  8-14),  and  used  by  him  for  the  graduation  of  ages  at  the 
Census  of  England  and  Wales,  1911,  and  in  the  construction 
of  English  Life  Tables  No.  7  and  No.  8,  and  others  included 
in  Cd.''7512,  1914. 

In  Mr.  King's  notation  u  is  the  function  to  be  graduated, 

L  2 
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say,  numbers  at  single  years  of  age,  tv  denotes  the  sum  of,  say, 
five  values  of  n,  w,,  being  the  sum  of  ^i,,,  u^,  lu,  th,  iU;  f^'5  the 
sum  of  W5,  iir,,  ti'7,  Us,  ^h^,  and  so  on.  Then  Ave  have 
approximately  for  a  graduated  central  value  of  u, 

u-  =  -2u;--008A-'w, (1) 

The  result  can  obviously  be  generalized  without  any 
difficulty.  Following  Mr,  King^s  method,  let  y  be  the  finite 
integral  of  u  taken  negatively,  so  that  yt  =  Ut  +  tit+i  + ,  &c. 
Let  wt  denote  the  sum  of  x  values  of  u,  beginning  with  Uf. 
For  the  purpose  of  differencing  let  x  be  regarded  as  a  unit,  so 
that  Ayo,  A'-j/o,  A^//„  denote  the  differences  of  y  obtained  from 
yo,yx,  y2.v,  ■  •  •     Then 

3a'- 1.  (3c^-lX.z'— 1)  .„ 

i:^x-i){x-i){x+i) 

ti  //o 


48, 


^a^=^o+  -2^--^^"+ ^^ ^-y^^ 

2x 

(3..+  l)(a-+l)Gr-l) 

Whence,  for  the   central  value   of    u    determined   froin  three 
groups  of  .V  years  each,  we  have 

u  3^)._i  =  y  3j;_i  ""  y  3.1; +1 

2  2.);  'ix 

1      .  1     A    o  ■«'^—    ^     A   -X 

=  +  -w'o+  -Au'o—  .) ,   .,  A-u'o 
X  X  Z4<r-' 


or,  as  I  prefer  to  write  it 


u„^   ,  = 


?x-\ 
~2~ 


^L— 'a^^ 


Wo' 
X 


(2) 


In  tliis  expression  the  first   term,  the  average  value  of  u 
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over  the  interval,  may  be  regarded  as  a  first  approximation  to 
the  central  value,  the  second  term  as  a  correction.  Obviously 
the  central  value  of  u  will  not  correspond  to  an  integral  year 
unless  X  is  odd  :  if  a;  is  even,  the  central  value  falls  between 
two  years.  The  coeflficient  of  the  second  term  for  x=2  is  1/32 
and  rapidly  approaches  its  limiting  value  of  1/24  rsx  increases. 
The  values  are  : 


1        •*• 

1 

,  r"'i,~l 
Coefficient  of  A"      - 

L  J"  J 

As  fraotiou                              .As  decimal 

2 
3 

4 
5 
6 

7 

8 

9 

10 

Limit 

1/32 

1/27 
15/384 

1  /2r) 
3V8fi4 

2/49 
63/1536 
10  213 
99/--'4O0 

5/12L 

1/24 

•03125 
•0370370 

(1390625 
•04 

•040:.(  93 
•040-<163 
•011(1156 

(Ml  1523 

(14125 
■on  3223 
•0116667 

In  its  general  form  the  correction  is  closely  related  to  a 
graphic  method  given  many  years  since  by  Lord  Eayleigh 
(Phil.  Mag.,  vol.  xlii,  1871,  pp.  441-4,  and  Collected  Papers, 
vol.  i,  p.  135,  "  on  a  correction  sometimes  required  in  curves 
"  professing  to  represent  the  connection  between  two  physical 
"  magnitudes  ").  The  correction  is  this.  Plot  the  curve  given 
by  the  quantities  like  ic/x,  i.e.,  values  averaged  over  a  range, 
say,  +  h :  such  values  might  be  given,  for  example  by  a  line 
thermopile  of  width  2h  used  to  measure  temperature  along  a 
spectrum.  Let  R  (Fig-  1)  be  any  point  on  the  false  curve  so 
obtained.  Let  PM,  QX  be  ordinates  at  the  distances  +h 
from  the  ordinate  Rm.  Join  PQ  cutting  R7?i  in  S.  Take  Up 
equal  to  one-third  of  RS.  Then  p  is  the  corrected  point, 
p  and  S  always  lying  on  opposite  sides  of  R,  It  Avill  be  noted 
that  in  this  construction  PM  and  QN  are,  in  the  actuarial  case, 
unknown  quantities,  representing  bounding  ordinates  of  a 
w-gTOwp.  In  Lord  Rayleigh^s  case,  since  many  values — 
overlapping  values — of  w/x  are  obtained  by  observation,  the 
■oi'dinates  may  be  supposed  for  graphic  purposes  to  be  known. 
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The  proof  given  is  as  follows  :   Let  y  denote  an  ordinate  of 
tlie  true  curve  ;  then 


+/( 


y  .  dJi 


where  //o  is  the  ordinate  of  the  true  curve  at  m  and  .Vo  is  the 
abscissa  of  m.     That  is 


area  =  2;.^./o+^^j. 


But  if  y'  be  the  ordinate  of  the  observed  curve,  by  definition 
we  must  have  2hy'Q  equal  to  this  area.     That  is 


and,  generally, 
Hence 


,  h^  d-i/ 

_        /i2  d^y 


y  =y  + 


6  dx'- 


d-y'  _  d-y      li-  d*y 
dx^       dx^       6  d.x* 

h^/(Py\  _  h^fd^  _  h^  ^?/^ 
aKdxV  ~  G  \da^        Q  da:*) 

_  li'  d-y' 
~  Q  di^ 
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if  we  may  neglect  the  term  in  h^.     Whence  finalh- 

But  S»i=i(PM  +  QN) 

2v  dxf,         dx'-i,    2 

1/   ,       dy'  -,       d^ii'  Ir 
2v'^         Clef,,         (/,/-    2 

,       d-i/  h-  ,  .. 

=  y«+rf^9 (4) 

Therefore,  since  S?7i  =  //'„  — KS, 


,Vn  =  ?y'o+  oRS (5) 


As  pointed  out  above,  to  get  this  correction  Lord  Rayleigh 
used  two  points  which,  in  the  actuarial  case,  cannot  be 
supposed  to  be  known.  Let  the  figure  be  extended,  and  let 
AB,  CD  (Fig.  2)  be  the  ordinates  of  the  ''false  curve "  at 
distances  of  +2/i  from  R?>i.  By  the  same  line  of  argument, 
if  we  may  still  neglect  powers  of  1h  beyond  the  second, 

da.:, 


corresponding  to  equation  (4)  above.     Whence 

dx 


RT=:;/'o-T//i=-f^2/r' 


and  //„=://'o+ T^  RT. 

This   is  the   limiting   value   of    Mr.   King's   correction.     We 
evidently'  have  without  approximation,  if 

AB=-",  R"^='^',  ^nd  00="^% 

Iv  1  =  --  .  «■.,.—  iCo— u\i,,.— a-^ ;  =r  —  _-A- 

-.1:  c  ,r_ 


140       A  Note  on  Mr.  King^s  method  of  Graduation,  &c.         [Oct. 


2k 


T 


C 


m 
Fic.2. 


D 


Hence  Lord  Rayleigh's  method  would  give  for  the  actuarial 
case  :  Erect  ordinates  at  equal  distances  giving  the  average 
number  of  persons  per  year  [yolx]  in  the  groups.  Let  AB, 
E,m,  CD,  be  three  successive  ordinates.  Join  AC  cutting  E7?i 
in  T.  Produce  TR  by  1/12  of  itself  to  f,  the'n  ^9  is  a  point  on 
the  graduated  curve,  f  and  T  lying  on  opposite  sides  of  E. 

Mr.  King's  method,  applied  to  graphic  construction,  would 
only  substitute  for  the  fixed  coefficient  J/12  a  coefficient 
varying  with  the  number  of  years  in  the  group,  taking  the 
value  '08  for  a  five-year  group,  and  only  dropping  to  the  limit 
of  1/12  or  "OSoSS  .  .  .  for  a  group  covering  an  indefinitely 
large  number  of  years  or  other  unitary  groups.  The  difference 
between  the  results  given  by  the  two  methods  on  a  gi-aphic 
scale  would  usually  be  hardly  appreciable. 
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Actuarial  Aspects  of  Ltdnstrlal  Assurance,  u'lUi  special  reference 
to  the  Report  of  the  Departmental  Committee  on  the 
Business  of  Industrial  Assurance  Companies  and  Collecting 
Societies. 


[Abstract  of  a  Discussion  at  ti:e  Institute  on  10  .Alav  1920.] 
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Olii  JOSEPH  liL'KX,  K.B.L.,iii  opening  the  discussion,  said  that 
it  was  impossible,  in  his  opinion,  to  deal  adequately  with  the  subject 
of  industrial  insurance  without  first  considering  one  or  two 
fundamental  questions.  The  first  was  whether  industrial  insurance 
was  desirable.  There  was  undoubtedly  a  general  demand  for 
industrial  insurance.  It  had  promoted  the  saving  habit.  If 
insurance  was  desirable  for  the  upper  classes  of  society,  as  he  was 
convinced  it  was,  then  surely  it  was  also  desirable  for  the  great  body 
-of  wage-earners  who  were  for  the  most  part  receiving  their  wages 
weekly  and  who  wished  to  paj^  small  sums  weekly  or  monthly 
provided  the  way  was  made  easy  for  them  by  means  of  collectors  at 
their  own  homes.  It  might  be  argued  that  although  industrial  life 
assurance  in  its  simplest  form  was  desirable,  endowment  insurance 
raised  a  somewhat  different  question.  It  must  be  admitted  that  in 
the  case  of  endowment  insurance  the  higher  expense-ratio  of 
industrial,  as  compared  with  ordinary,  Ijusiness  made  the  <iuestion 
more  difficult,  but  the  fact  remained  that  people  desired  endowment 
insurances  ;  they  wished  to  save  by  small  instalments,  and  there  was 
a  very  great  number  of  cases  where  they  would  not  do  so  if  they 
had  not  the  opportunity  of  industrial  endowment  insurance. 

If  it  were  conceded  that  industrial  insurance  was  desirable,  the 
feature  of  high  expense  must  be  admitted  as  necessary,  and  capable 
only  of  modificatiorte  Industrial  insurance  would  always  be  expen- 
sive. But  could  it  be  made  cheaper  ?  He  thought  it  could.  It 
must  be  remembered  that  prices  had  risen,  and  might  rise  still 
further.  Ever\'thing  which  contributed  to  the  expense  of  industrial 
insurance  had  increased  in  cost,  and  consequently  the  fact  had  to 
be  faced  that  in  order  merely  to  keep  the  expense  ratio  down  to 
what  it  had  been  in  the  past,  some  powerful  means  of  economy  must 
be  found.  Fortunately,  as  it  seemed  to  him,  the  trouble  itself 
provided  to  some  extent  its  own  cure.  If  the  standard  of  prices 
had  now  doubled,  it  followed  that  the  minimum  amount  of  life 
insurance  required  had  also  doubled.  Before  the  war,  generally 
speaking,  people  in  this  country  were  holding  far  less  life  insurance 
than  they  should  have  done,  and  consequently  at  the  present  time 
they  were  holding  far  less  than  half  as  much  as  they  should  hold. 
Sooner  or  later  it  would  be  found  that  the  agent  would  secure  at 
least  twopence  in  the  place  of  each  penny  that  he  formerly  collected. 
His  work,  however,  would  not  have  doubled,  and  consequently  his 
rate  of  remuneration  for  services  rendered  would  automatically 
increase.  It  was  true  that  the  movement  which  would  place  the 
average  amount  of  insurance  held  more  nearly  in  agreement  with  the 
standard  of  prices  must  take  time  ;  but  so  far  as  the  outdoor  staff 
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of  industrial  insurance  companies  was  concerned  they  would  find  a 
larger  amount  of  new  business  available,  and  in  some  form  or  other 
they  would  receive — and,  in  his  opinion,  they  must  receive — the 
equivalent  of  a  new  business  commission,  which  would,  as  indeed  it 
already  had,  help  every  honest  worker  to  bridge  over  the  interval 
which  otherwise  would  have  entailed  very  grave  hardship.  How- 
ever, that  corrective,  which  appeared  to  him  to  be  a  necessarily 
automatic  one,  did  not  mean  that  industrial  insurance  companies 
could  or  would  be  content  to  refrain  from  making  the  most  strenuous 
efforts  to  economise,  re-organise  and  generally  improve  the  machinery 
of  their  business.  Effective  steps  in  that  direction  were  being  taken 
before  the  war,  and  all  well-wishers  of  industrial  insurance  were 
convinced  that  those  efforts  would  not  be  decreased  but  would  be 
increased  to  the  greatest  possible  extent. 

Another  method  by  which  it  might  be  hoped  there  would  be 
some  decrease  in  expense  would  be,  he  thought,  the  extension  of 
the  block  system.  It  seemed  a  little  curious  that  such  brief  reference 
had  been  made  to  that  in  the  Report  of  the  Committee  of  Enquiry. 
On  page  3  the  Committee  stated  :  "  Evidence  was  given  before 
the  Committee  that  convenience  and  economy  in  collection  could  be 
improved  by  the  introduction  of  the  block  system,  under  which  an 
agent  is  assigned  an  exclusive  area  for  his  operation.  This  system 
is  still  in  the  experimental  stage,  but  the  Committee  suggest  that 
it  should  be  introduced  and  extended  wherever  practicable.  They 
are  of  opinion  that  by  the  general  adoption  of  this  system  a  large 
amount  of  unnecessary  labour  and  expenditure  might  be  avoided." 
Then,  on  page  11  (where  the  question  of  lapses  is  referred  to),  it 
was  stated  :  "  They  are  of  opinion,  therefore,  that  the  end  in  view 
can  only  be  reached  by  the  abolition  of  procuration  fees,  and  recom- 
mend the  prohibition  of  the  payment  to  agents  of  procuration  fees 
for  new  business,  and  the  substitution  of  a  minimum  weekly  wage, 
based  on  a  fixed  collection  per  week,  with  a  commission  on  all  sums 
collected  above  that  amount."  The  latter  statement  appeared  to 
him  somewhat  vague.  To  those  who  had  given  a  great  deal  of 
careful  study  to  the  matter,  and  who  had  the  added  advantage  of  a 
wide  practical  experience,  it  seemed  that  great  economies  could  be 
effected  by  blocking  out  all  insurance  areas  and  employing  salaried 
agents  for  the  collection  of  industrial  insurance  premiums.  The 
collectors,  it  seemed  to  him,  should  be  paid  suitable  and  generous 
salaries  in  accordance  with  the  work  they  performed.  Their  duties 
to  a  great  extent  were  those  of  collecting  clerks,  and  the  amount  of 
remuneration  to  which  they  were  entitled  obviously  could  not  in  all 
cases  be  stated  as  a  fixed  percentage  of  the  amount  collected  any 
more  than  could  the  salary  of  a  tram  conductor  or,  possibly,  of  a 
railway  booking  clerk.  Their  work  would  depend  largely  upon  the 
concentration  of  the  business,  on  the  average  amount  of  the  pre- 
miums to  be  collected,  and  on  the  class  and  attitude  of  the  assured 
persons.  It  did  not  seem  to  him  possible  or  desirable,  in  the 
interests  of  aU  the  parties  concerned,  to  attempt  to  make  a  rigid 
rule  as  to  the  weeklv  amount  to  be  collected  bv  anv  one  man.     It 
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was  quite  possible  that  a  man  who  might  be  an  excellent  collector 
might  not  be  so  suitable  for  work  in  connection  with  new  business. 
He  used,  that  general  expression  because  there  was  other  important 
work  in  connection  with  new  business  c[uite  apart  from  that  of 
canvassing.  The  dxity  of  all  industrial  insurance  companies  was  to 
find  the  most  efiective  and  the  most  economical  way  of  doing  all  the 
work  that  was  necessary.  It  did  not  seem  possible  that  any 
Committee  of  Enquiry,  however  sincere  in  its  efiorts,  would  be  able 
usefully  to  instruct  those  who  had  a  life-long  experience  and  who 
were  trying  honestly  to  do  their  best.  Still  less  did  it  seem  likely 
that  such  instructions  could  be  set  out  in  the  rigid  wording  of  an 
Act  of  Parliament  without  hindering  the  very  objects  which  it  was- 
intended  to  promote. 

The  subject  of  industrial  insurance  expenses  was  such  an  impor- 
tant factor  in  an  actuarial  valuation,  that  it  seemed  to  him  better 
to  deal  with  that  matter  first.  It  was  well  known  that  in  ordinary 
business  the  factor  of  initial  expense  was  of  some  importance  in 
connection  with  the  basis  of  valuation.  It  was  of  even  greater 
importance  in  the  case  of  industrial  insurance.  It  must  be  remem- 
bered that  in  order  successfully  to  carry  on  industrial  insurance  an 
organisation  must  be  built  up,  and  that  could  only  be  done  at 
considerable  expense .  Then,  again,  the  early  lapse  of  a  policy 
entailed  far  greater  proportional  loss  in  the  case  of  an  industrial 
company  than  it  did  in  the  case  of  an  ordinary  company.  An 
ordinary  company,  having  issued  a  policy,  say,  for  £1,009,  and  having 
obtained  the  fir.st  annual  premium,  couli  contemplate  the  possibility 
of  lapse  in  quite  a  different  way  from  an  industrial  insurance  company 
which,  after  a  considerable  amount  of  labour  and  expense,  had  in  the 
end  succeeded  in  obtaining,  perhaps,  one  penny. 

The  question  then  arose  whether  a  standard  valuation  was 
desirable.  That  was  a  very  important  matter,  requiring  the  most 
careful  consideration  by  those  most  capable  of  appreciating  the  very 
many  difficulties  involved.  In  the  past  the  Institute  of  Actuaries 
had  maintained  that  the  -best  safeguard  for  the  piiblic  was  publicity. 
Was  that  well-considered  decision  to  be  reversed,  and,  if  so,  where 
was  its  reversal  likely  to  lead  ?  Was  publicity  to  be  held  to  be  a 
sufficient  safeguard  for  ordinary  policyholders  and  not  a  sufficient 
safeguard  for  industrial  policyholders  ?  When  was  a  company 
insolvent  ?  He  did  not  think  the  last  question  could  be  answered 
in  the  same  terms  in  the  case  of  an  industrial  company  as  in  the  case 
of  an  ordinary  company.  Generally  speaking,  the  expense  loading 
of  an  industrial  insurance  premium  was  less  than  the  average  annual 
rate  of  expense,  including  all  costs  of  new  business.  The  flow  and 
proportion  of  new  business  was  a  very  important  factor  and  a  very 
difficult  one  to  deal  with.  Surely  merely  to  set  up  one  fixed 
standard  of  solvency  would  be  most  mischievous.  On  page  6  of  the 
Report,  the  Committee  said  :  "  The  differences  between  the  respec- 
tive bases  of  valuation  are  the  more  unfortunate,  in  that  they  appear 
to  have  misled  the  agents  into  thinking  that  certain  companies  place 
to  reserve  a  greater  part  of  the  premiums  than  the  liabilities  require. 
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In  the  evidence  tendered  to  the  Committee,  it  was  submitted  that 
the  reserves  should  be  lessened  in  order  that  the  remuneration  of 
the  agents  might  be  increased."  It  seemed  likely  that  a  fixed 
standard  valuation  basis  would  only  tend  to  increase  those  mis- 
chievous demands.  The  actuary  should  be,  and  generally  is,  always 
anxious  to  strengthen  his  reserve  bases  and  to  advise  increased 
benefits  only  when  he  felt  confident  that  such  might  safely  be  done. 
Would  it  not,  in  any  case,  be  necessary  to  have  varying  standards 
of  solvency  settled,  not  by  Acts  of  Parliament,  but  by  competent 
judges  who  would  be  able  to  give  full  weight  to  the  particular 
circumstances  ?  Or  would  it  possibly  be  better  if,  in  certain  cases, 
a  company  or  society  should  be  required  to  prove  its  solvency  ? 
Theoretically,  he  supposed  the  most  nearly  perfect  basis  of  valuation 
would  be  one  where  the  actuary  made  the  closest  possible  estimate 
of  every  factor  ;  that  was  to  say  where  he  made  the  best  possible 
estimate  as  to  probable  mortality  rates,  interest  rates,  expense  rates, 
lapse  rates,  &c.  He  did  not  think  there  were  many  actuaries,  however, 
who  would  advise  such  a  basis.  As  to  interest,  who  could  say  what 
would  be  the  net  interest  yield  in  the  next  fifty  years,  or  for  that 
matter  the  next  five  years  ?  As  to  lapses,  it  was  well  known  to 
actuaries  that  there  would  always  be  lapses,  but  neither  their  extent 
nor  their  effect  could  be  closely  measured.  As  to  expenses,  he  had 
already  indicated  some  of  the  diificulties.  To  some,  a  net  premium 
valuation  was  all  that  was  required.  Personally,  he  was  glad  that 
he  had  never  been  called  upon  to  make  any  other  than  net  premium 
v.aluations.  But  would  it  be  right  to  insist  on  a  net  premium 
valuation  in  every  case  ?  Would  such  a  course  result  in  the  equitable 
treatment  of  the  greatest  number  of  industrial  policyholders  ? 
Then,  should  the  inclusion  of  negative  values  be  permitted  ?  He 
considered  certainly  not,  but  some  eminent  members  of  the  Institute 
had  not  held  the  same  opinion.  Should  extension  expenses  or  other 
similar  items  be  included  as  assets  in  the  insurance  funds  I  Again, 
he  thought  the  answer  was  necessarily  in  the  negative,  but  in  the 
case  of  a  young  company  was  it  not  permissible  to  use  some  portion 
of  the  shareholders'  capital  in  building  up  a  sound  and  suitable 
organization  ?  On  page  13  of  the  Report,  reference  was  made  to 
cases  where  debentures  and  loans  had  been  issued  and  charged  on 
the  life  assurance  fund.  That  surely  was  a  jiroceeding  which  must 
be  condemned  by  any  competent  actuary.  The  situation  must 
have  become  desperate  if  no  other  alternative  was  possible. 

The  position  of  the  actuary  to  an  industrial  insurance  company 
was  one  of  peculiar  responsibility.  He  should  be  prepared  and 
should  be  given  the  fullest  opportunity  to  speak  out  boldly  what  he 
believed  to  be  the  truth  on  every  occasion.  With  every  copy  of 
the  Institute  of  Actuaries'  Journal  there  was  a  reminder  of  what  the 
members  of  the  Institute  were  expected  to  do,  and  those  noble 
words  of  Bacon  were  :  "  I  hold  every  man  a  debtor  to  his  profession, 
from  the  which  as  men  of  course  do  seek  to  receive  countenance  and 
profit,  so  ought  they  of  duty  to  endeavour  themselves  by  way  of 
amends  to  be  a  help  and  an  ornament  thereunto."     In  those  words 
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if  carefully  studied,  would  be  found  the  whole  truth.  It  should  be 
noticed  that  in  a  profession  one  expected,  and  was  entitled  to 
receive,  countenance  as  much  as  profit.  Actuaries  were  not  to  be 
merely  clerks  or  automatic  calculating  machines  but  expert  advisers 
who  had  been  admitted  as  Fellows  to  an  honourable  Institute,  to 
which  at  all  times  they  should  be  prepared  to  render  an  account. 
Tke  President  would,  he  felt  sure,  agree  with  him  that  the  Institute 
also  had  its  responsibilities.  Having  admitted  its  Fellows  as 
qualihed  actuaries  it  must  be  prepared  at  all  times  to  uphold  the 
honour  of  the  profession,  to  see  that  professional  services  were  well 
and  honourably  rendered,  and  to  give  every  possible  assistance  and 
support  to  its  members  in  order  to  enable  them  to  act  up  to 
Bacon's  inspiring  words,  both  in  spirit  and  in  truth. 

Upon  the  basis  of  valuation  the  treatment  of  policyholders  with 
regard  to  the  granting  of  free  policies  and  surrender  values  was 
largely  dependent.  It  would  be  evidently  unsound  to  grant  any 
form  of  surrender  values  in  excess  of  the  reserve  held.  Having 
regard  to  the  effect  of  selection — that  was  to  say,  to  the  certainty 
that  persons  in  a  very  bad  state  of  health  were  less  liable  to  surrender 
— he  thought  that  it  was  equally  evident  that  any  form  of  surrender  \ 
value  allowed  should  have  a  cash  value  less  than  the  reserve  held 
against  any  particular  policy.  Experience  indicated  that  in  most 
cases  surrender  value,  in  the  form  of  a  free,  paid-up  industrial  policy, 
was  preferable  to  a  cash  allowance,  although  the  growing  popularity 
of  endowment  insurance  had  necessitated  some  modification  of  that 
rule.  Perhaps  one  of  the  most  remarkable  passages  in  the  Report 
of  the  Committee  of  Enquiry  was  on  page  5  where  it  said  :  "  Indus- 
trial policies  generally  carry  no  right  to  surrender  value  or  a  free, 
paid-up  policy  upon  lapse.  In  the  case  of  the  Prudential,  it  is 
stated  to  be  the  general  practice  of  the  company  to  grant  free, 
paid-up  policies  after  premiums  have  been  paid  for  five  years, 
provided  that  the  life  assured  has  attained  the  age  of  15,  and  under 
these  arrangements  free  policies  have,  it  would  seem,  been  regularly 
granted,  where  applied  for."  Why  so  grudging  an  admission  of  a 
fact  known  to  everybody  ?  A  phrase  like  that  did  not  tend  to 
increase  confidence  in  the  belief  that  the  Committee  properly  appre- 
ciated the  rights  of  industrial  policyholders,  or  that  the  Committee 
were  sufficiently  anxious  to  encourage  the  best  form  of  progressive 
development.  Perhaps  that  was  the  inevitable  result  of  having  only 
one  professional  expert  on  the  Committee,  who  no  doubt,  at  times, 
found  it  necessary  to  give  way  to  the  majority. 

The  Committee  also  stated  on  page  8  of  the  Report  :  "  They 
think  that,  in  general,  the  policyholders  should  receive  a  substantially 
greater  part  of  the  profits  than  is  accorded  to  them  at  the  present 
time."  It  might  be  argued  that  there  was  no  right  to  any  bonus, 
and  that  a  bonus,  if  granted,  must  be  regarded  as  a  gift.  But 
bonuses  had,  in  fact,  been  granted  to  industrial  policyholders  in 
various  forms.  Rates  had  been  revised  and  sums  assured  made 
subject  to  increase,  and  those  alterations  had  been  made  retro- 
spective, the  result  being  a  form  of  bonus  policy  free  of  all  premiums 
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after  a  certain  duration  and  a  certain  age  attained,  and  there  had 
been  other  forms  of  bonus  instituted  at  different  times.  But  the 
most  conspicuous  case  of  an  industrial  bonus  declared,  as  a  direct 
result  of  the  profit  disclosed  in  the  annual  valuation,  was  that  of 
the  Prudential,  the  bonus  in  this  case  being  given  in  the  form  often 
referred  to  as  a  mortuary  benefit.  It  was  a  bonus  paid  as  an 
addition  to  the  sums  assured  in  all  cases  of  claims  where  such  claims 
resulted  from  death  or  the  maturity  of  an  endowment.  That 
method  was  not  free  from  possible  criticism,  as  might  be  seen  from 
the  Eeport,  but  in  practice  he  thought  it  was  the  best  possible  under 
the  circumstances.  It  had  to  be  remembered  that  one  of  the  main 
considerations  in  any  method  adopted  must  be  simplicity,  and  the 
saving  of  any  considerable  labour  and  expense.  Before  hastily 
concluding  that  a  reversionary  bonus  with  full  cash  reserve  would  be 
preferable,  there  were  many  points  to  be  considered,  which  it  would 
be  impossible  for  him  to  deal  with  that  evening. 

The  Committee  of  Enquiry  was  appointed,  as  stated  on  page  1 
of  the  Report,  to  "  enquire  into  the  business  carried  on  by  industrial 
assurance  companies  and  collecting  societies."  In  order  to  form 
any  correct  opinion  on  the  possibilities  of  industrial  insurance 
biisiness  it  seemed  evident  that  a  matter  absolutely  of  first-class 
importance  was  the  effect  of  the  war,  and  one  effect  of  the  war  was 
that  the  burden  of  the  Courts  (Emergency  Powers)  Act  was  thrown 
upon  the  societies.  At  the  outset  they  were  informed  that  there 
would  be  no  loss  to  them,  as  tjiey  could  always  dediict  the  premiuiiis 
from  the  claims.  The  Act  was  a  great  strain  on  industrial  companies 
and  it  still  remained.  Was  that  Act  just,  so  far  as  the  insurance 
companies  were  concerned  ?  The  Eeport  referred  to  this  matter 
on  page  14  in  the  following  terms  :  "  The  Cjuestion  which  arises 
under  this  Act  is  a  complicated  one.  Suggestions  for  dealing  with 
the  problem  were  suppKed  to  the  Committee  by  the  Prudential 
Company  and  by  the  Association  of  Industrial  Assurance  Companies 
and  Collecting  Friendly  Societies.  The  Committee  desire  to  express 
their  obligation  to  the  company  and  the  association  for  the  assistance 

which  they  have  given When  the  Act  comes  to  an  end 

the  Committee  recommend,  as  a  fair  way  of  meeting  the  difficulties 
which  must  arise,  that  policies  subject  to  the  Act  shall  be  kept  in 
force  for  six  months  after  the  Act  has  ceased  to  operate  and  that  the 
companies  shall  be  under  obligation  to  notify  every  policyholder  to 
whom  the  Act  applies  his  right  to  secure  the  maintenance  of  the 
policy  by  payment  of  the  arrears,  the  amount  of  which  should  be 
stated  on  the  notice.  Alternatively,  the  companies  should  give  the 
option  to  the  policyholder  of  maintaining  the  policy  in  force  for  a 
reduced  amount,  or  in  the  case  of  an  endowment  assurance  for  an 
extended  period,  subject  to  the  cancellation  of  the  arrears,  on  the 
terms  of  a  scheme  to  be  approved  by  the  controlling  authority." 
There  seemed  no  recognition  of  how  the  Act  weakened  the  resources 
of  the  company  at  the  most  critical  time,  and  consequently  how  the 
capabilities  of  granting  future  concessions  were  also  weakened. 
Industrial  insurance  companies  and  societies  paid  many  millions 
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of  pounds  in  the  shape  of  war  claims  for  which  they  were  not  liable 
and  for  which  they  received  no  premiums,  that  was  to  say  the 
premiums  they  received  were  inadequate  for  the  war  risk  in  the 
same  way  that  pre-war  marine  insurance  rates  were  inadequate  for 
the  risks  run  during  the  submarine  campaign.  Did  the  members  of 
the  Committee  commend  that  action  or  not  ?  It  was  difficult  to 
judge  from  the  Report.  Had  war  claims  not  been  paid,  or  had 
adequate  extra  premiums  been  charged,  the  industrial  bonus  could 
not  only  have  been  maintained,  but  increased,  with  less  strain  on 
the  companies'  funds  than  the  course  they  had  taken  had  involved. 
Not  only  so,  but  had  there  been  no  war  it  was  impossible  to  say  how 
far  the  expenses  of  the  business  would  have  been  reduced. 

Mr.  a.  D.  BESANT  said  that  in  the  interesting  and  weighty 
speech  to  which  they  had  just  listened  Sir  Joseph  had  dealt  in  some 
detail  with  the  various  technical  questions  aftVcting  industrial 
insurance.  Some  of  those  questions  were  of  great  interest  to 
actuaries  engaged  in  that  particular  field  but  did  not  largely  concern 
the  Institute  as  an  Institute,  and  he  did  not  propose  to  discuss  them 
in  any  detail.  A  question  in  his  opinion  of  far  wider  importance  was 
hov\-  did  the  Report  of  the  Departmental  Committee  upon  the 
industrial  Life  assurance  system  afEect  the  Institute,  both  in  its 
corporate  capacity  and  as  regarded  its  individual  members.  The 
most  important  aspects  of  that  question  were  the  valuation  question 
and  the  amalgamation  question.  He  might  begin  by  summing  up 
as  shortly  as  possible  the  main  impressions  gathered  from  a  careful 
study  both  of  the  Departmental  Committee's  Report  and  of  the 
minutes  of  evidence  that  had  been  published.  It  could  not  be 
denied,  he  feared,  that  that  evidence  showed  the  existence  of  abuses 
in  certain  directions,  but  of  course  it  was  necessary  to  keep  a  sense 
of  proportion  and  to  remember  that  those  abuses  were  not  universal 
— they  were  far  from  universal — and  he  hastened  to  say  that  many 
of  the  actuaries  concerned  had  steadily  and  resolutely  laboured,  as 
Sir  Joseph  Burn  had  said,  to  improve  the  financial  position  of  the 
companies  with  which  they  were  connected.  But  having  admitted 
that,  the  Committee  undoubtedly  did  comment  in  the  most  adverse 
terms  on  unduly  large  payments  to  shareholders  and  to  officials  and 
directors  and  agents.  They  called  attention  to  cases  in  which  the 
expense  of  management  had  been  unduly  weighted  as  against 
industrial  policyholders  in  favour  of  the  ordinary  policyholders,  and 
they  summed  up  their  views  by  stating  in  Section  25  of  the  Report  : 
"  The  industrial  assurance  system  lends  itself  to  abuse  in  many 
directions  ",  and  they  went  on  to  say  that  "  the  public  is  defenceless 
against  the  machinations  of  any  group  of  adventurers  who  have 
neither  money  nor  reputation  to  lose  and  whose  single  purpose  is  to 
exploit  the  system  for  their  own  benefit."  In  that  connection  he 
would  ask  the  members  to  read  over  the  detailed  evidence  given  in 
cross-examination  by  Mr.  Mashford,  who  dealt  with  typical  cases 
of  complaints  made  by  policyholders.  That  evidence  was  set  forth 
on  pages  91  to  104  of  the  Minutes  of  Evidence.  Section  26  of  the 
Report  dealt  with  abuses  of  amalgamations  and  transfers  of  business 
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and  with  the  evasions  of  tlie  safeguards  which  were  supposed  to  be 
provided  b}'  the  Act  of  1909.  In  the  next  section  cases  were  dealt 
with  of  abuses  of  valuation,  such  as  the  introduction  of  negative 
values  and  organization  exjienditure  as  assets.  Finally,  in 
Section  28,  the  Committee  bluntly  said  :  "In  the  public  interest 
there  is  need  for  many  reforms  and  for  increased  control."  He 
had  to  confess  that  the  efiect  left  on  his  own  mind  after  studying 
the  Eeport  was  one  of  bewilderment  and  to  some  extent  of 
humiliation.  The  Eeport  undoubtedly  reflected  both  on  the 
Institute  and  on  the  profession  of  the  actuary,  and  the  question  at 
once  arose  as  to  what  the  Institute  could  do  to  ensure  the  observance 
of  a  high  standard  of  professional  conduct  amongst  its  members — 
what  it  could  do  to  support  its  members  in  obtaining  a  high  standard 
of  valuation,  and  eliminating  the  abuses  of  valuation — and,  in  the 
last  resort,  what  disciplinary  powers  it  could  exercise  in  vindication 
of  its  good  name.  Those  were  hard  questions,  and  questions  which 
no  individual  member  of  the  Institute  could  fully  answer,  but  they 
were  questions  which  he  believed  it  was  the  duty  of  the  Council  to 
consider,  and  to  consider  with  a  full  sense  of  its  responsibility  both 
to  the  public  and  to  its  members.  He  ventured  to  think  that  in  the 
discharge  of  that  duty  fearlessly  the  Institute  would  best  justify  its 
existence  in  the  eyes  of  the  public. 

With  regard  to  the  position  of  the  actuary  in  the  field  of  industrial 
assurance,  it  would  seem  that  he  did  not  command  generally  the 
same  authority  with  his  directors  or  the  management  as  did  the 
actuary  in  the  case  of  ordinary  companies.  The  Institute  must  do 
what  it  could  to  strengthen  the  official  position  of  the  industrial 
actuary,  and  he  hoped  that  the  Council  would  at  once  make  it 
perfectly  clear  that  any  industrial  actuary  would  at  once  receive 
the  full  support — the  active  and  united  support — of  the  Institute 
in  any  firm  effort  that  he  made  to  resist  any  improper  practices  or 
any  pressure  that  might  be  put  upon  him_.  The  Institute  was 
established,  as  its  Charter  stated,  for  the  purpose  of  elevating  the 
attainments  and  status  of  aU  engaged  in  occupations  connected  with 
the  pursuits  of  an  actuary,  and,  moreover,  the  Institute  possessed 
full  disciplinary  powers  under  its  by-laws  for  dealing  with  the  case 
of  anv  member  who  might  be  charged  with  conduct  discreditable  to 
the  Institute.  If,  as  the  Departmental  Committee  recommended, 
legislation  was  now  urgently  needed  to  abolish  the  abuses  which  had 
been  exposed  and  condemned,  then  let  the  Council  of  the  Institute 
forthwith  appoint  a  special  committee  of  actuaries  to  advise  upon 
the  whole  question,  and  to  guide  public  opinion  as  to  the  lines  upon 
which  that  legislation  should  go.  It  would  surely  be  better  for  the 
profession  as  a  whole  that  the  Institute  should  itself  impress  upon 
its  members  their  duty  towards  the  public,  rather  than  that  it 
should  suffer  dictation  from  any  Government  department.  The 
recommendations  made  by  the  Committee  were  all  of  very  far- 
reaching  importance  and  deserved  most  careful  attention, particidarly 
those  recommendations  which  dealt  with  industrial  insurance 
valuations.     They  were  set  forth  in  full  detail  in  Section  -47.     They 
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■were  of  the  greatest  importance,  being  in  fact,  revolutionary  in 
their  character,  and  he  thought  it  was  incumbent  on  the  Institute 
to  discuss  them  in  detail  later  on. 

He  ventured  to  hope  that  under  the  lead  of  the  President  and  of 
his  successor.  Sir  Alfred  Watson,  the  Institute  of  Actuaries  would 
take  action  in  its  corporate  capacity,  so  as  to  protect  the  interests 
of  the  public  and  to  ensure  the  very  highest  standard  of  professional 
conduct  amongst  its  own  members. 

Mr.  C.  W.  KEXCHINGTON  thought  that  if  it  had  not  been  for 
the  report  of  the  Departmental  Committee,  the  present  discussion 
on  the  subject  of  actuarial  aspects  of  industrial  assurances  might 
not  have  taken  place  on  that  particular  occasion.  It  would,  perhaps, 
have  been  well  if  in  times  j)ast  the  Institute  had  discussed  the 
actuarial  aspects  of  industrial  insurance  a  little  more  than  had  been, 
done,  because  on  looking  through  the  pages  of  the  Journal  he  could 
not  help  being  struck  by  the  comparative  paucity  of  papers  on  that 
sixbject,  although,  of  course,  it  must  be  borne  in  mind  that  the 
subjects  in  vrhich  the  actuaries  of  industrial  insurance  offices  were 
concerned  did  not  appeal  to  the  majority  of  the  members  of  the 
Institute.  It  might  be  recalled,  however,  that  if  it  had  not  been 
for  the  cessation  of  the  meetings,  there  would  have  been  a  paper  on 
industrial  assurance  early  in  1916. 

The  Report  of  the  Committee  dealt  principally  with  matters  of 
administration,  and  it  was  a  little  difficult  to  steer  entirely  clear 
of  such  matters  when  talking  about  the  actuarial  aspects  of  the 
business  ;  so  much  was  that  in  evidence,  that  Sir  Joseph  Burn  that 
evening  had  gone  at  rather  greater  length  than  some  members 
perhaps  anticipated  into  the  administrative  aspect  of  the  subject. 
He,  himself,  particularly  desired  to  confine  his  observations  to  the 
question  of  valuation.  He  did  not  intend  to  say  anything  about 
surrender  values  and  free  policies,  which  were  matters  essentially 
of  actuarial  interest.  In  the  first  place  he  wished  to  draw  attention 
to  the  very  meagre  extent  of  the  e^'idence  put  before  the  Committee 
of  Enquiry  on  the  subject  of  valuations.  There  were  no  questions 
on  the  subject  addressed  to  the  offices  in  the  long  questionnaire  that 
was  sent  out.  With  regard  to  the  oral  examinations  of  witnesses, 
there  were  altogether  nine  actuaries  called  as  witnesses,  one  of  whom 
was  not  an  industrial  office  actuary  at  aU,  one  appeared  purely  as 
the  secretary  of  his  own  company,  and  of  the  remainder  only  three 
were  asked  any  questions  whatever  on  the  subject  of  valuation. 
One  of  them  satisfied  Sir  Alfred  Watson,  apparently,  as  to  the 
stringency  of  his  valuation,  and  another  was  merely  asked  whether 
he  was  satisfied  that  his  valuation  was  all  that  it  ought  to  be,  as  a 
method  of  drawing  attention  to  another  point  upon  which  Sir  Alfred 
was  at  that  particular  time  examining  him.  It  was  only  in  the  case 
of  one  office  that  the  valuation  basis  was  really  seriously  questioned, 
and  although  it  was  not  for  iiim  to  defend  that  particular  office  he 
would  point  out  that  it  vras  one  which  had  comparatively  recently 
acquired  other  businesses.  In  view  of  the  fact  that  so  little  direct 
evidence  was  before  the  Committee  it  seemed  rather  curious  that 
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so  revolutionary  a  set  of  proposals  should  have  been  put  forward. 
In  saying  that  those  proposals  must  be  fought  he  did  no;  wish  it  to 
be  considered  for  one  moment  that  he  desired  to  bolster  up  unsound 
or  weak  valuations  ;  in  fact,  his  record  would  be  seen  to  be  against 
that  when  he  pointed  out  that  for  two  years  successively  he  himself 
brought  out  deficiencies  in  industrial  assurance  valuations  and 
publicly  showed  them  in  the  published  accounts  of  the  society  he 
happened  to  represent.  The  chief  objection  to  the  recommendations 
was  that  they  went  entirely  against  the  acknowledged  principle  of 
freedom  and  publicity.  If  it  was  agreed  that  that  policy  of  freedom 
and  publicity  had  worked  to  the  advantage  of  ordinary  offices,  so. 
he  ventured  to  assert,  it  had  worked  to  the  advantage  of  the  industrial 
offices,  and  by  that  he  meant  to  those  assured  in  the  industrial 
offices  throughout  the  country.  The  position  was  perhaps  not  quite 
so  plain  with  regard  to  collecting  friendly  societies,  because  their 
reports  were  not  so  readily  available  as  those  of  the  companies. 
How  was  that  principle  of  freedom  and  publicity  operating  to  the 
advantage  of  industrial  offices  ?  Even  the  largest  office  of  all  was 
far  stronger  to-day  than  it  was  in  the  time  of  the  Assurance  Com- 
panies Act  of  1870,  and  he  ventured  to  assert  that  hardly  a  year  had 
j)assed  but  what  some  strengthening  had  taken  place  in  connection 
with  that  particular  office.  In  the  smaller  offices  progress  had  been 
-even  more  marked.  Some  had  indeed  been  rescued  from  destruction. 
The  war  period  had  brought  claims  for  losses  which  had  weighed  a 
v'ery  great  deal  more  heavily  upon  the  industrial  offices  than  upon 
ordinary  offices,  and  inevitably  the  effect  had  been  to  retard  progress. 
It  was  not  possible  to  say  that  all  was  well.  There  were  still  some 
few  offices  whose  reserves  were  not  as  strong  as  their  directors,  let 
alone  their  actuaries,  Avould  desire,  but  progress  had  been  made  and 
with  freedom  progress  would  continue  to  be  made. 

With  regard  to  the  recommendations  as  to  standardization  of 
valuations,  the  Report  did  not  in  so  many  words  recommend  a 
standard  basis  of  valuation  applicable  to  all  companies  and  societies 
alike ,  but  it  left  the  matter  in  doubt  by  describing  the  method  to 
be  adopted  as  "  the  basis  to  be  prescribed  by  the  controlling 
authority."  He  wished  that  Sir  Alfred  Watson  had  been  present 
that  evening  to  offer  some  enlightenment  on  the  subject,  becaiLse 
it  was  a  matter  about  which  actuaries  of  industrial  offices  felt 
considerable  concern.  Some  of  the  dangers  of  a  standard  valuation 
had  been  already  referred  to,  but  it  might  perhaps  be  added  that 
there  was  the  danger  of  the  possible  elimination  of  the  actuary, 
as  it  might  be  thought  that  the  work  of  valuation,  when  once 
standardized,  was  one  purely  of  machinery.  That  would  be  an 
entire  misapprehension  of  the  actuary's  duties  and  responsibilities. 
The  matter  was  one  of  importance  to  the  Institute  as  a  bod}',  and 
not  only  to  the  actuaries  of  industrial  offices.  It  was  as  it  were  the 
thin  end  of  the  wedge,  and  they  could  not  say  what  might  happen 
in  the  future  if  Government  control  were  brought  about  in  that  way. 

There  might  be  some  doubts  as  to  whether  the  publicity  given 
to  the  returns  of  the  industrial  offices  was  as  sufficient  as  it  was 


1920.]  Disciii^aioii  un  [ndustrial  Asaurance.  lol 

thought  to  be  in  the  case  of  ordinary  offices.     But  surely  it  would 
be  possible  to  obtain  a  remedy,  if  it  was  thought  that  the  particulars 
were  insufficient,  by  modifWng  the  questions  that  were  incorporated 
in  the  Schedules  to  the  Assurance  Companies  Act,  1909.     His  last 
point  was  as  to  what  could  be  said  to  be  a  desirable  basis  for  the 
valuation  of  the  liabilities  of  industrial  offices.     Sir  Joseph  had 
referred  to  his  great  good  fortune  in  not  having  had  to  make  a 
valuation  by  any  except  the  orthodox  net  premium  method.     Some 
actuaries  held  that  that  method,  particularly  when  based  upon  a 
3  per-cent  rate  of  interest,  resulted  in  unduly  high  reserves.     That, 
perha^js,  was  a  matter  of  professional  opinion,  but  certainly  one 
of  the  effects  of  the  great  strength  of  Sir  Joseph  Burn's  office  had 
been  that  some  other  offices  had  felt  bound  by  competition  to  raise 
their  benefits,  when  it  would  have  been  wise  had  they  not  done  so 
for  a  period  of  years.     It  appeared  to  him  that  the  method  required 
was   one   which   would   make   some   reasonable   allowance  for  the 
expenses  of  new  business.    He  had  been  connected  with  an  industrial 
company  as  successor  to  the  late  Mr.  H.  W.  Manly,  and  in  one  of 
his  last  business  interviews,  before  his  death,  Mr.  Manly  pointed  out 
that,  although  the  method  of  valuation  he  had  bsen  adopting  was 
one  which  excluded  the  first  five  years  of  duration,  so  that  no  reserves 
began  to  be  built  up  until  five  years  had  expired,  he  thought  that 
too  long  a  period,  and  was  working  for  a  three  years'  exclusion. 
Three  years'  exclusion  on  the  basis  of  a  3  per-cent  rate  of  interest 
was  probably  very  close  to  oue-and-a-half  or  two  years'  exclusion  on 
the  basis  of  a  rate  of  interest  more  nearly  approaching  the  experi- 
enced rate,  and  there  were  certainly  difficulties  to  contend  with  if 
the  period  of  exclusion  were  made  too  long,  because  the  constancy 
of  the  surplus  or  the  capability  of  being  able  to  make  up  the  reserves 
depended  to  no  little  extent  upon  the  flow  of  new  business  which 
might,  in  certain  circumstances,  as  during  the  war,  be  upset  by 
conditions  entirely  outside  the  control  of  the  office  or  of  the  actuary. 
He  had  intended,  in  closing  his  remarks,  to  appeal  to  the  Institute 
to  stand  by  the  actuaries  of  the  industrial  offices  against  what  many 
of  them  felt  to  be  the  unmerited  slur  cast  upon  the  business  in  which 
they  were  engaged  by  the  Report,  but  he  felt  that  that  appeal  had 
been  made  much  better  by  Mr.  Besant,  and  he  wanted  to  thank  him 
for  having  spoken  in  the  way  he  had  done. 

Mr.  S.  CI.  WARNER  did  not  think  it  was  possible  to  avoid  the 
conclusion  that  the  Report  of  the  Committee  was  in  the  nature  of 
an  indictment  and  that  industrial  insurance  was  more  or  less  on  its 
defence.  Further,  that  indictment — whether  just  or  unjust — • 
represented  the  crystallization  of  a  great  amount  of  popular  opinion 
on  the  subject.  In  the  course  of  a  good  deal  of  communication  with 
social  workers  among  the  poorer  classes  of  the  community,  he  had 
not  heard  many  complimentary  references  to  industrial  agents  or 
collectors  or  to  the  beneficial  effect  of  the  system  on  the  population. 
Those  people  might  be  entirely  misinformed,  but  there  was  a  popidar 
impression  to  the  prejudice  of  the  whole  system.  In  those  circum- 
stances,   he   thought   those   who   were   connected   with   industrial 
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insurance  would  be  well  advised  not  to  adopt  altogether  too  critical 
or  too  noti  2^ossumus  an  attitude  to  the  recommendations  of  the 
Committee.  In  the  first  j)lace,  there  was  no  reason  to  suppose  that 
the  members  of  the  Committee  entered  upon  their  task  with  a 
prejudice  against  the  system  of  industrial  insurance.  They  heard 
a  great  mass  of  evidence  and  gave  very  careful  consideration  to  it 
and  produced  a  Report  which,  while  it  certainly  pointed  out  some 
things  which  they  believed  to  be  defects,  did  not  make  any  attack 
on  the  general  principle.  Therefore  it  would  be  bad  policy,  if 
nothing  else,  to  take  the  attitude  of  too  violent  a  depreciatory 
criticism  of  what  the  Committee  had  to  say.  An  attacked  institution 
which  felt  it  had  a  perfect  reply  would  be  comparative^  calm  in  the 
circumstances  and  prepared  to  admit  much  Avhile  at  the  same  time 
it  had  a  good  defence  against  much  else.  On  the  other  hand,  he  felt 
strongly  that  those  who  had  no  actual  experience  of  industrial 
insiuance  should  also  take  a  fair  and  s}-mpathetic  attitude  towards 
what  was  undoubtedly  a  great  institution,  involving  large  sums  of 
money,  and  which  certainly  had  had  to  a  large  extent  a  beneficent 
influence  on  the  community  ;  and  they  should  adopt  a  friendly 
attitude  and  one  of  comradeship  and  s}'mpathy  towards  those  of 
their  colleagues  who  were  engaged  as  actuaries  in  the  difficult  work 
of  endeavouring  to  guide  the  administration  of  that  great  branch  of 
insurance  business. 

Something  had  been  said  that  evening  in  praise  of  the  well-known 
formula  "  Freedom  and  publicity."  That  seemed  to  be  recognized 
as  the  principal  article  of  the  Institute's  faith.  Freedom  and 
publicity  since  the  Act  of  1870  were  assumed  to  have  produced  such 
good  results  that  they  must  continue  to  stand  by  them.  There  was  a 
good  deal  of  truth  in  this,  but  not  all  the  truth.  They  must  not 
make  a  fetish  of  the  phrase.  The  beneficent  efEects  on  ordinary  life 
assurance  were  pointed  out,  and  it  was  certainly  true  that  there  were 
such,  but  there  was  a  great  difference  between  the  clientele  of  ordinary 
life  offices  and  that  of  industrial  offices.  The  industrial  oflices 
had  an  immensely  larger  constituency  and  a  very  imperfectly 
educated  one.  People  who  knew  very  little  about  the  matter  were 
not  always  the  best  judges  of  their  own  interests  or  as  to  how  those 
interests  were  being  conserved.  Freedom  and  publicity  had  on  the 
whole  acted  well  as  regards  ordinary  life  assurance,  because  the 
average  ordinary  policyholder  was  a  shrev\-d  business  man  appre- 
ciating caution  and  the  necessity  for  making  good  reserves.  That 
was  not  necessarily  the  case  in  a  much  larger  and  less  educated 
community,  and  therefore,  it  did  not  by  any  means  follow  that 
certain  of  the  recommendations  of  the  Committee  which  seemed  to 
some  extent  to  interfere  with  the  formula  of  "  freedom  and  pub- 
licity," should  not  be  adopted  because  they  did  not  apply  equally 
to  the  field  of  ordinary  life  assurance.  Anyone  who  had  knowledge 
of  the  history  of  how  the  system  of  industrial  insurance  had  grown 
up,  or  had  made  any  attempt  to  introduce  thrift  of  that  particular 
kind  amongst  the  working  classes,  knew  how  very  ditncult  it  was  to 
instil  sound  financial  ideas  into  their  minds.     As  Mr.   Moffrey's 
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book  on  the  Oddfellows'  Society  showed,  there  was  a  mass  of  mis- 
understanding that  reformers  and  pioneers  in  this  country  had  had 
to  remove.  The  great  men  who  fought  for  correct  principles  of 
valuation  and  solvency,  in  tlie  midst  of  the  most  extraordinary 
ignorance  and  opposition  from  their  fellows,  deserved  great  credit. 
In  an  ideal  world  he  thought  that  industrial  insurance  would  be 
better  managed  mutually  than  by  a  joint  stock  company  seeking 
profit.     There  were  fewer  dangers  in  the  path. 

Industrial  insurance  was  peculiar  in  the  fact  that  it  depended  on  a 
great  army  of  agents,  not  agents  as  the  term  was  ordinarily  under- 
stood by  the  actuary  in  the  insurance  v\-orld,  but  whole-time  agents. 
Some  of  the  evidence  given  before  Lord  PhiUimore's  Committee  on 
the  c^uestion  whether  the  industrial  insurance  companies  could 
afford  to  give  their  outside  representatives  a  war  bonus  was  sugges- 
tive as  regards  the  difficulties  besetting  the  administration  of  the 
business.  A  company  had  introduced  a  new  table  which  gave 
specially  good  benefits  to  the  public,  but  which  for  that  reason 
did  not  admit  of  quite  so  high  a  commission  to  its  agents,  and  it 
tried  to  get  them  to  take  up  the  table  by  pointing  out  to  them  that, 
although  the  commission  on  each  individual  case  was  less,  the 
scheme  was  so  attractive  and  so  soimd  that  probably  they  would 
be  able,  by  doing  a  larger  volume  of  business,  to  earn  a  larger  total 
commission.  It  was  curious  to  find  the  attitude  taken  up  by  the 
agents  with  perfect  honesty  and  straightforwardness,  that  they 
should  not  be  expected  to  take  up  a  scheme  which  paid  a  reduced 
commission,  no  matter  how  attractive  were  its  terms  to  the  insurer. 
That  was  an  illustration  of  some  of  the  difficulties  with  which  those 
who  were  administrators  of  industrial  insurance  had  to  contend, 
and  which  made  their  task  more  complicated. 

He  most  thoroughly  and  cordially  agreed  with  Sir  .Joseph  Burn 
with  regard  to  the  Coiurts  Emergency  Powers  Act.  The  references 
to  that  Act  in  the  Report  were  distinctly  inadequate.  It  seemed  to 
him  to  have  been  a  piece  of  panic  legislation,  passed  in  the  most 
hasty  and  ill-considered  way,  and  based  on  two  main  assumptions — 
one  that  the  war  would  be  short  and  the  other  that  there  would  be  a 
large  amount  of  unemployment  and  consequent  distress.  Both 
were  falsified  by  events.  The  Act  placed  the  companies  in  a  most 
unfair  and  disadvantageous  position.  As  a  member  of  Lord 
PhiUimore's  Committee,  he  did  his  best  to  make  that  clear,  but  was 
bound  to  say  it  was  most  difficult  to  convince  people  who  had  not 
had  the  elements  of  actuarial  training  that  there  could  be  any  loss 
-with  regard  to  unpaid  iasurance  premiums  unless  there  was  an 
actual  claim  by  death.  The  idea  that  even  if  the  assured  did  not 
die  the  company  had  been  running  a  risk  for  them  which  had  a 
money  value  seemed  to  quite  intelligent  people  a  thing  impossible 
of  comprehension.  He  cordially  agreed  that  the  provisions  of  the 
Act  with  regard  to  industrial  assurances  were  unjust.  He  did  not 
know  whether  the  Institute  had  had  the  subject  before  it  in  any 
public  way  before,  but  it  should  be  put  on  record  that  that  was  the 
members'  opinion,  because  it  was  most  injuriously  affecting  one 


154  Vi-scu.ssion  on  IndustvitU  Assurance.  [Oct. 

great  branch  of  life  assurance  business,  and  was  in  defiance  of  the 
most  elementary  principles  of  actuarial  science. 

Mr.  J.  MUEEAY  LAING  said  that,  although  he  was  the  actuary 
of  a  large  industrial  assurance  company,  he  was  in  the  somewhat 
unique  position  of  having  been  longer  in  the  service  of  ordinary  life 
offices  than  he  had  yet  been  in  industrial  work.  He  had  not  been  long 
enough  away  from  the  ordinary  offices  to  forget  the  views  he  used 
to  hold  on  industrial  assurance,  but  quite  long  enough  to  learn  that 
many  of  those  views  w^ere  wrong.  Mr.  Besant  had  spoken  strongly 
on  the  responsibilities  of  the  actuaries  employed  in  industrial 
offices.  So  far  as  those  known  to  him  w^ere  concerned,  he  had  no 
hesitation  in  saying  that  they  realized  the  great  responsibilities 
which  rested  upon  them,  and  had  done  all  they  possibly  could  to 
improve  the  position  of  their  offices  when  such  improvement  was 
necessary.  He  was  not  aware  of  any  actuary  who  required  the 
Institute,  or  any  other  body,  to  say  to  his  directors  M^hat  he  ought  to 
say  himself.  He,  personally,  had  never  had  any  hesitation  in  saying 
what  he  thought,  and  he  had  never  had  any  opposition  from  those 
in  charge  of  his  company  to  any  suggestion  he  had  made.  But  it 
was  suggested  that  was  not  the  common  experience.  In  the  Eeport 
the  remarks  of  a  derogatory  nature  frequently  referred  only  to  the 
smaller  companies.  There  were  large  numbers  of  very  small 
societies,  and  he  did  not  think  they  always  employed  actuaries. 
If  evils  did  exist  to  any  marked  extent  it  was  the  duty  of  every 
Fellov  of  the  Institute  to  do  what  he  could  to  improve  matters. 

With  regard  to  the  subjects  on  w'hich  he  used  to  hold  wrong 
views,  one  was  the  bogey  of  the  expense  rate.  Everyone  who  was 
not  in  an  industrial  office  considered  that  the  expense  incurred  in  the 
business  was  far  too  high,  but  with  his  knowledge  of  both  sides  he 
certainly  did  not  agree  with  that.  That,  however,  did  not  mean  that 
he  did  not  think  the  expense  should  be  reduced,  as  wherever  it  was 
possible  that  should  be  done.  But  when  regard  was  had  to  the 
services  rendered  respectively  by  the  industrial  agents  and  the 
ordinary  agents,  he  did  not  think  the  comparison  was  against  the 
industrial  companies.  The  Eeport  said  that  the  premiums  col- 
lected amounted  to  £25,000,000  per  annum.  The  average  premium 
being  under  2|f?.,  that  would  represent  2,.500  million  calls  per 
annum.  And,  expenses  being  40  per-cent,  the  cost  of  running  the 
business  would  work  out  at  Id.  per  transaction.  Those  figures, 
however,  required  some  modification.  Agents  very  often  collected 
on  more  than  one  policy  in  a  house  ;  they  did  not  always  collect 
singly  each  premium,  nor  did  they  always  collect  every  week, 
although  the  bulk  of  them  did  so.  If  the  Id.  were  doubled  and 
the  average  cost  per  call  put  at  2d.  it  would  not  aft'ect  his  argument, 
as  he  was  going  to  make  a  comparison  in  which  he  had  plenty  of 
margin.  On  reference  to  the  Eeport  on  the  working  of  the  Post 
Office  Savings  Bank,  he  found  that  the  cost  of  each  transaction 
was  4Jf?.  in  and  4Jf?.  out,  so  that  to  pay  in  any  sum  of  money  and 
draw  it  out  cost  9^/.  The  Post  Office  Savings  Bank  was  not  doing 
for  the  public  all  that  the  agent  of  an  industrial  company  did  for  a 
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policyholder.  The  agent  called  at  the  home  and  collected  the 
premmm,  and  when  a  death  occurred  he  called  and  paid  the  claim. 
In  the  Post  Office  Savings  Bank  the  depositor  had  to  go  to  the 
Post  Office  to  pay  in  his  money  or  to  take  it  out.  Therefore,  even  a 
comjjarison  with  the  Savings  Bank  was  not  quite  fair  to  the  indus- 
trial offices.  In  any  comparison  of  expenses  with  premiums  there 
were  included  the  exj^enses  incurred  in  the  pa}Txient  of  claims,  so 
that  he  had  to  put  on  to  the  Post  Office  item  of  4J'^'.  per  deposit 
something  for  the  withdrawals.  He  found  that  the  withdrawals 
were  one-half  of  the  deposits  in  number,  so  that  adding  one-half  to 
the  ^\d.  there  was  something  like  Id.  to  be  taken  into  account  in 
comparison  with  the  industrial  offices'  2d.,  which  was  surely  a 
tribute  to  the  industrial  offices.  Some  years  ago  the  Fabian  Society 
started  a  very  thorough  investigation  into  the  business  of  industrial 
insurance,  and  they  were  under  the  impression  that  they  would  be 
able  to  prove  it  was  very  extravagantly  managed.  Their  report 
contained  a  statement  that  it  cost  Id.  per  transaction.  They 
compared  that  with  the  cost  in  an  ordinary  office,  which  they  found 
came  to  Is.,  and  they  suggested  it  would  not  be  a  bad  idea  if  the 
ordinary  offices  found  out  how  it  was  that  the  industrial  could  work 
so  cheaply.  A  point  often  overlooked  was  that  industrial  assurance 
was  necessarily  younger  than  ordinary  life  assurance.  The  big 
business  of  to-day  had  been  of  very  rapid  growth,  so  that  a  con- 
siderable proportion  of  the  expenditure  had  arisen  under  the  head 
of  new  business.  It  v/as  common  to  both  kinds  of  life  assurance 
companies  that  business  was  more  costly  in  its  first  year  than 
subsequently.  He  was  well  aware  that  there  was  a  limit  beyond  which 
a  life  office,  either  industrial  or  ordinary,  was  not  entitled  to  go  in 
its  transaction  of  new  business,  but  within  limits  it  was  the  case 
that  the  cost  was  greater,  and  that  should  be  borne  in  mind  in 
comparing  costs. 

Another  matter  on  which  he  had  held  wrong  views  was  with  regard 
to  solvency.  When  he  first  went  into  an  industrial  insurance 
company  he  had  the  old  idea  that,  unless  an  office  was  able  to  make 
a  net  premium  valuation  on  the  basis  of  rates  of  interest  and  mortality 
well  within  those  being  experienced,  it  ought  to  be  closed  down. 
He  knew  of  a  very  large  office  which  was  in  a  strong  position  to-day, 
but  which  25  years  ago  was  in  an  almost  helplessly  weak  condition. 
Had  he  then  been  of  the  age  he  was  now,  and  without  the  experience 
he  had  had  since  entering  the  industrial  business,  he  would  certainly 
have  advised  clo.sing  the  office  down,  thus  doing  incalculable  harm 
to  hundreds  of  thousands  of  poor  people.  Fortunately  an  eminent 
actuary  on  that  occasion  was  called  in,  with  the  result  that  by 
careful  management  and  the  process  of  gradually  building  up 
strength,  the  company  had  been  saved.  Now  obviously  it  was  only 
possible,  at  the  outset  in  that  case,  to  produce  an  appearance  of 
solvency  by  employing  methods  in  the  valuation  which  one  would 
not  employ  if  valuing  for  the  purpose  of  distributing  a  surplus. 
There  were  two  distinct  points  always  to  consider.  Were  they 
valuing  as  a  test  of  solvency,  or  with  a  view  to  the  distrib^ition  oT 
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surplus  ?  He  thought  that  to  suggest  taking  one  standard  valu- 
ation would  be  altogether  wrong.  The  chief  point  was  whither 
the  office  was  tending — ^was  it  going  towards  higher  strength,  or 
going  downhill,  or  was  it  remaining  stationary  ?  The  vitality  of 
industrial  insurance  was  remarkable,  and  if  the  position  showed  that 
an  office  was  consistently  improving  from  year  to  year  there  should 
be  no  thought  of  closing  it  down  even  if,  at  the  moment,  its  position 
was  rather  weak.  He  said  that  now,  because  he  would  have  been 
l^repared  to  take  the  other  view  had  he  been  asked  for  an  opinion 
some  years  ago. 

Mr.  C.  S.  KELHAM  wished  to  draw  attention  to  the  schedules 
contained  in  the  Appendices  to  the  Report.  The  Committee  stated 
that  they  were  unable  to  publish  the  whole  of  the  written  evidence, 
although  they  had  published  very  complete  minutes  of  the  oral 
examination  of  witnesses.  The  information  supplied  had  been 
condensed  in  the  schedules.  The  period  taken  for  the  statistical 
information  covered  ten  years.  It  v,as  unfortunate  that  a  large  part 
of  that  period  was  quite  abnormal.  The  schedules  would  require 
therefore,  to  be  read  with  great  care,  although  perhaps  it  was  hardly 
necessary  to  point  that  out  in  the  Institute.  As  an  instance,  in 
Appendix  B,  where  the  expenses  of  the  industrial  offices  and  col- 
lecting friendly  societies  were  shown,  the  expenses  included  dividends 
and  in  the  case  of  one  company  that  had  largely  reduced  its  dividends 
for  the  period  in  question  this  had  the  effect  of  allocating  the  divi- 
dends earned  in  one  year  to  the  premium  income  of  the  following 
year,  and  consequently  the  ratio  had  been  overstated. 

Mr.  H.  H.  AUSTIN  said  that  the  Eeport  should  be  read  and 
judged  in  connection  with  the  evidence  given.  The  tone  of  the 
Report  was  certainly  very  much  in  the  nature  of  an  indictment,  but 
he  was  inclined  to  think  that  a  wrong  impression  might  easily  be 
obtained  by  reading  the  Report  alone.  He  might  mention,  as  an 
example,  the  question  of  lapses.  The  information  given  to  the 
Committee  was  not  published  in  the  form  in  which  it  was  given  ; 
detailed  information  was  published  as  to  the  lapses  for  one  year, 
1913,  and  the  rest  of  the  information  was  lumped  together  in  an 
aggregate  table  covering  ten  years.  That  gave  no  weight  to  and 
completely  masked  the  very  great  change  that  had  taken  place  of 
recent  years  in  the  matter  of  lapses.  Then,  again,  in  Section  2-4  the 
subject  of  surrender  values  and  free  paid-up  policies  was  introduced 
with  the  statement :  "  Industrial  policies  generally  carry  no  right 
to  surrender  value  or  a  free  paid-up  policy  upon  lapse  ",  and  the 
Report  then  went  on  to  mention  that  the  cases  of  the  Prudential 
and  the  Aberdeen  and  Northern  Friendly  Society  were  exceptions 
from  which  it  might  be  inferred  that  these  were  the  only  exceptions. 
In  the  case  of  his  own  company,  which  was  by  far  the  largest  tran- 
acting  industrial  insurance  business  after  the  Prudential,  for  many 
years  free  policies  had  been  granted  after  five  years'  duration.  He 
considered  the  statement,  therefore,  misleading  and  inaccurate. 
On  the  subject  of  bonuses  and  distributions  to  the  public,  the 
Report  stated  on  page  5  that  "  in  the  case  of  the  other  companies 
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no  attempt  had  been  made  to  give  policyholders  a  share  in  the 
profits,  although  in  one  case  ....  it  was  claimed  that 
certain  additions  made  to  the  policies  ....  under  a  general 
revision  of  the  tables  were  in  the  nature  of  a  bonus  distribution." 
In  that  case  an  increase  of  benefits  was  given  to  the  whole  of  the 
policies  in  force  at  that  date,  it  was  paid  out  of  accumulated  profits, 
and  he  thought  it  must  be  admitted  it  was  a  bonus  in  every  sense 
of  the  word.  If  an  indictment  was  made  by  such  a  Committee,  at 
any  rate  it  should  be  studiously  fair  and  just. 

The  complaints  dealt  with  in  the  Eeport  were  of  two  kinds  : 
complaints  on  the  part  of  individual  policyholders  and  complaints 
on  the  part  of  the  public  generally  in  regard  to  matters  of  valuation, 
reserves,  and  probable  returns.  When  it  was  considered  that  the 
bulk  of  the  population  was  insured  in  these  offices  and  a  great  many 
of  them  were  ill-educated  people  who  were  quite  unfamihar  with  the 
principles  of  insurance,  a  certain  number  of  complaints  from 
individuals  were  obviously  to  be  expected,  and  he  thought  the 
evidence  was  rather  astonishing  in  that  it  showed  so  few.  The 
Institute  was  more  concerned  with  complaints  of  the  second  kind. 
The  companies — not  only  the  actuaries  but  the  companies  as  a 
whole — were  far  from  taking  up  an  attitude  simply  of  criticism  of, 
or  resistance  to,  the  suggestions  that  were  made.  One  of  the  most 
important  recommendations  of  the  Committee  was  on  the  subject 
of  the  standard  valuation.  He  thought  that  the  arguments  against 
a  standard  valuation  for  ordinary  companies  applied  to  industrial 
assurance  with  even  greater  force.  There  would  be  a  strong 
tendency  for  the  minimum  to  become  the  maximum.  Industrial 
offices  were  already  much  criticized  by  members  of  the  field  staff 
for  accumulating  too  much  in  the  way  of  reserves  and  frequently 
an  actuarial  defence  of  such  reserves  was  treated  by  them  with 
scant  respect.  It  was  beyond  their  comprehension,  and  they  v/ere 
convinced  that  the  reserves  were  not  necessary.  The  institution  of 
what  was  in  effect  a  Government  standard  would  undoubtedly  very 
strongly  reinforce  that  criticism,  and  he  thought  in  many  cases  it 
would  be  almost  impossible  for  comj)anies  to  keep  a  reserve  stronger 
than  the  standard  laid  down.  A  standard  valuation  would  also 
appear  to  lack  sufficient  elasticity  to  meet  the  varying  circumstances 
of  different  offices,  although  he  was  not  clear  as  to  what  was  meant 
by  the  suggested  minimum  basis.  It  might  be  a  basis  having  some 
relation  to  the  age  and  constitution  of  the  business  in  question — 
rather  an  important  point  in  industrial  business — or  to  the  earned 
interest  rate  or  to  the  experienced  mortality  rates  and  so  on,  but  he 
thought  that  such  a  basis  would  simply  raise  fresh  difficulties  without 
remo\ang  the  main  objections  of  principle.  For  example,  a  compaiw 
recently  established  and  whose  solvency  was  in  question  would  have 
a  small  proportion  of  invested  assets,  and  that  would  probabh',  by 
any  formula  prescribed  for  the  determination  of  the  rate  of  interest, 
bring  out  a  low  rate  of  interest  and  entail  a  high  reserve,  while 
statistics  of  its  mortality  experience  would  be  probably  non-existent. 

It  had  been  mentioned  that  freedom  from  official  trammels  and 
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publicity  had  been  guiding  principles  in  the  past  which  had  worked 
very  satisfactorily,  but  he  did  not  think  these  principles  could  be 
assumed  Avithout  question  to  be  sufficient  for  all  cases.  Small 
collecting  friendly  societies  were  in  a  class  by  themselves.  There 
was  undoubtedly  gxeat  danger,  if  the  Report  were  not  read  with 
care,  that  criticisms  which  applied  to  such  societies  would  be 
supposed  to  apply  to  industrial  insurance  institutions  which  did  not 
come  in  the  same  category.  In  the  one  case  a  deposit  of  £20,000 
was  necessary,  and  in  the  other  it  was  not,  and  where  it  was  not 
necessary  many  abuses  arose,  and  he  thought  that  to  some  extent 
the  whole  business  was  prejudiced  by  that.  It  would  not  be 
necessary  to  take  into  account  the  possible  formation  of  new  con- 
cerns, provided  steps  were  taken,  as  suggested  in  the  Report,  to 
bring  Friendly  Societies  into  line  by  a  deposit.  The  business  of 
industrial  insurance  was  so  difficult  and  so  likeh'  to  be  unremuner- 
ative,  that  the  formation  of  new  companies  was  improbable.  Any 
further  development  would  be  probably  on  the  part  of  existing 
insurance  institutions,  and  would  therefore  have  a  good  backing, 
but  even  if  limited  to  existing  institutions  a  standard  valuation 
as  a  test  for  solvency  seemed  a  very  clumsy  and  inefficient  instru- 
ment. The  recommendation  did  not  suggest  that  steps  should  be 
taken  with  a  view  to  winding-up  simply  by  reason  of  a  deficiency 
being  shown  on  the  prescribed  valuation  basis,  but  that  the  con- 
trolling authority  in  such  a  case  should  be  empowered  to  apply  to 
the  Court  for  a  winding-up  order  if,  after  investigation,  it  was 
satisfied  that  the  existence  of  the  company  should  be  terminated. 
That  power,  he  thought,  could  be  just  as  well  exercised  without 
any  reference  to  a  prescribed  standard  valuation.  It  was,  indeed, 
admitted  in  the  Report,  by  implication,  that  the  effect  of  a  valuation 
faUing  short  of  a  standard  Avas  not  necessarily  sufficient  ground  for 
taking  action.  A  very  brief  glance  at  the  history  of  industrial 
insurance  appeared  to  show  that  the  well-established  concerns 
gained  firm  foothold  and  financial  stability  in  times  when  the  benefits 
were  less  in  relation  to  the  premiums  than  they  were  at  the  present 
day,  although  they  had  other  difficulties  to  contend  with,  and  a 
good  deal  of  money  was  put  into  them  which  was  lost  or  was  un- 
remunerative.  As  those  concerns  progressed  they  gave,  under 
stress  of  competition  and  to  attract  patronage,  extended  benefits 
and  privileges,  and  at  the  present  day  premiums  were  very  much 
more  closely  adjusted  to  benefits  than  they  had  been,  and  in  fact 
were  very  closely  adjusted. 

AVith  regard  to  shareholders'  dividends,  payments  to  directors 
and  grants  of  free  policies  and  surrender  values,  he  thought  that  in 
the  case  of  many  companies  a  very  small  deduction  from  the  pre- 
miums, probably  2  per-cent  or  3  per-cent,  would  more  than  extin- 
guish any  dividends  to  shareholders  or  payments  to  directors,  and 
probably  over  the  whole  business  5  per-cent  on  the  premiums 
would  more  than  cover  the  whole  of  the  dividends  paid.  Smaller 
companies  now,  for  the  purposes  of  competition,  found  it  necessary 
in  most  cases  to  give  benefits  similar,  in  the  matter  of  sums  assured, 
to  those  of  the  better-established  institutions,  although  there  might 
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be  a  set-off  in  some  eases,  in  that  they  did  not  grant  the  same  benefits 
in  regard  to  cash  surrender  and  free  policies. 

It  was  important  to  bear  in  mind  that  the  present  was  a  period 
of  great  change  ;  he  did  not  suppose,  in  the  whole  history  of  indus- 
trial assurance,  there  had  been  a  time  when  so  many  forces  making" 
for  rapid  change  had  been  operating.  There  was  very  diverse 
pressure  put  upon  the  companies  both  to  reduce  and  to  increase 
expenditure.  From  the  Press,  the  public.  Parliament  and  various 
quarters,  there  was  a  general  statement  that  the  expenses  were  too 
high  and  that  they  must  be  brought  down,  and  he  was  not  sure  that 
that  criticism  had  not  been  invited  by  admissions  on  their  part  that 
expenses  were  too  high  and  ought  to  be  reduced.  Naturally  it  was 
to  the  interest  of  all  companies  to  reduce  expenses,  and  nothing 
should  be  left  undone  to  that  end,  but  for  the  service  that  was 
rendered  he  did  not  think  it  could  be  said  the  expenditure  at  the 
present  time  was  high.  If  the  views  of  agents  and  people  who  served 
the  public  were  taken,  they  would  say  that  industrial  insurance  was 
the  cheapest  thing  the  working  man  had.  In  the  case  of  particular 
companies  there  was  a  rapid  concentration  of  debits  into  fewer  hands 
and  great  extension  of  monthly  business.  Generally  there  was  a 
great  rise  in  the  rate  of  interest  obtainable  on  investments,  and  from 
his  own  observation  there  was  at  the  present  time  a  considerable 
variation  of  a  favourable  character  from  the  normal  standards  of 
mortality.  Further,  as  Sir  Joseph  Burn  had  brought  out,  the 
average  premium  per  policy  had  increased  very  rapidly.  AU  the 
considerations  mentioned  needed  to  be  brought  into  calculation  when 
there  was  any  question  as  to  the  necessity  of  winding  up  a  company. 
A  long  time  ago  he  had  occasion  to  look  into  the  affairs  of  a  company 
and  he  found  that  over  a  period  of  two  or  three  years,  having  started 
with  very  weak  reserves,  their  real  assets  had  not  increased  at  all. 
In  the  absence  of  some  very  favourable  circumstances  that  would 
seem  to  be  a  case  calling  for  serious  consideration  as  to  whether 
in  the  public  interest  the  company  should  be  allowed  to  continue. 
Incidentally  he  might  say  that  that  company  has  since  been  taken 
vigorously  in  hand  and  was  in  a  very  different  position  to-day. 
To  wind  up  a  company  which,  if  left  alone,  woidd  develop  strength 
and  stability,  would  cause  a  shock  to  the  whole  business  and  would 
be  of  no  advantage  to  the  public.  The  point  that  was  made  in 
the  Report,  that  surrender  and  free  policy  values  should  be  made 
obligatory  after  a  period  of  seven  years,  needed  careful  consideration. 
He  did  not  think  there  would  be  any  real  opposition  to  such  a  sugges- 
tion, but  if  reference  were  made  to  a  paper  read  at  the  Institute 
by  Messrs.  Ackland  and  Bacon  some  time  ago  it  would  seem  that  the 
inclusion  of  those  items  in  the  valuation  made  a  very  appreciable 
difference  to  the  reserve  which  it  was  necessary  to  keep  on  the  bases 
they  were  considering.  He  would  not  rule  out  tlie  possibility  that 
a  company  might  need  to  take  into  account  the  lapse  element  and 
to  keep  negative  values  in  its  reserves.  As  a  counsel  of  perfection 
he  supposed  no  actuary  would  advocate  that  course,  but  it  might  be 
the  lesser  of  two  evils  as  compared  with  winding  up.  The  position 
of  an  actuarv  in  these  matters  was  verv  often  one  of  srreat  com- 
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plexity,  lie  might  lay  down  what  was  a  strong  standard  of  valuation 
and  bring  out  a  heavy  deficiency,  or  he  might  recommend  something 
which  he  thought  would  be,  and  which  probably  was,  sufficient  in 
the  long  run  to  safeguard  all  interests.  The  first  coiirse,  a  deficiency 
in  the  valuation,  would  probably  mean  an  increase  in  such  an  item 
as  establishment  expenses  in  the  balance  sheet.  It  might  be  that  it 
was  better  to  bring  such  an  item  plainly  into  view  in  the  balance 
sheet  rather  than  have  it  hidden  in  the  valuation.  As  against  that 
the  actuary  who  had  an  admittedly  weak  valuation  would  get  some 
chance  of  bringing  pressure  to  bear  to  strengthen  the  valuations, 
whereas  it  was  quite  conceivable  that  directors  might  become  case- 
hardened  to  such  an  item  as  extension  expenses  in  the  general 
balance  sheet. 

The  PRESIDENT  said  that,  as  he  had  taken  occasion  on  a 
comparatively  recent  date  to  warn  the  representatives  of  industrial 
offices  that  they  were  liable  to  attack  and  that  the  central  point  of 
attack  would  be  their  expense  ratio,  he  wished  now  to  say,  on 
further  consideration  of  the  subject,  and  in  the  light  of  information 
since  given  to  him  to  the  effect  that  the  industrial  offices  were  them- 
selves now,  and  at  the  time  when  he  spoke,  taking  steps  to  reduce 
their  expenditure,  that  he  felt  that  industrial  assurance,  in  the  form 
in  which  it  existed,  could  not  be  conducted  except  at  a  very  high 
ratio  of  expense,  and  the  question  for  consideration  was  whether 
the  benefits  which  it  offered  to  the  public  were  commensurate  with 
the  unavoidable  expense.  He  believed  that  they  were.  When  he 
heard  from  Mr.  Laing  the  figures  which  he  had  given,  comparing 
expenses  with  the  volume  of  transactions,  he  was  surprised  that  it 
was  possible  to  conduct  so  vast  a  business  at  so  low  a  charge  per 
transaction.  If  the  facts  were  better  appreciated  amongst  the 
public  and  amongst  those  who  criticized  industrial  assurance 
companies,  it  would  be  very  much  to  the  advantage  of  the  com- 
panies ;  and  the  discussion,  in  bringing  out  that  fact,  had  done 
very  much  to  assist  the  companies  in  their  difficult  task.  Sir 
Joseph  Burn  had  asked  whether  it  was  not  fair  to  use  some  portion 
of  the  shareholders'  money  in  building  up  an  organization.  To  the 
question  put  in  that  form  he  thought  the  general  answer  must 
certainly  be  yes,  but  that  did  not  exhaust  it,  and  the  reply  must 
be  qualified  by  saying  that  the  question  wore  a  different  aspect  and 
was  capable  of  a  different  answer  if  that  part  of  the  shareholders' 
money  which  had  been  so  used,  and  in  addition  other  intangible 
assets  such  as  negative  values  or  an  allowance  for  the  lapse  element, 
were  brought  into  account  as  divisible  surplus,  when  that  surplus 
was  to  be  distributed  amongst  policyholders,  and  still  more  when  it 
was  to  be  given  to  the  shareholders  as  dividends.  When  it  came 
to  that  point  the  matter  required  very  careful  consideration,  and 
must  be  faced  with  all  the  courage  of  which  the  responsible  actuary 
was  capable.  He  was  not  well  enough  informed  as  to  the  position 
of  actuaries  in  industrial  offices  generally  to  say  whether  the 
reflections  which  were  implied  in  the  Report  were  justified  or  not, 
but  he  should  like  to  endorse  what  Mr.  Besant  had  said,  that  in 
anv  difficulties  which  might  face  actuaries  in  the  conduct  of  their 
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business,  if  they  were  satisned  that  within  the  limits  of  their 
responsibilities  they  were  doinoj  all  that  they  could,  and  all  that 
they  properly  ought  to  do,  in  resisting  any  undue  pressure  which 
might  be  brought  upon  them,  they  would  be  assured  of  the  support 
of  the  Institute  in  any  action  they  might  take.  He  had  been  very 
much  surprised  to  read  in  the  Report  the  paragraph  relating  to  the 
Courts  (Emergency  Powers)  Act.  All  the  members  knew  what  an 
infinity  of  mischief  that  Act  had  done  to  industrial  offices,  and  that 
there  should  be  any  attempt  to  carry  on  that  mischief,  even  tem- 
porarily, and  to  remedy  it  in  the  manner  which  was  suggested  in  the 
Report  was  quite  unreasonable.  He  wished  to  thank  Sir  Joseph 
Burn  for  opening  the  discussion,  which  had  proved  an  interesting 
one,  and  one  which  should  be  valuable,  not  only  to  the  members, 
but  to  the  public  gene^aU3^ 


Stirling's  approximate  formula  for  n  ! 

[In  amplitication  of  the  Editorial  Note  on  p.  106  of  this  volnine  we  have- 
pleasure  in  puhlisliing  the  foliovviug  furtlier  contribution  from  Mr.  Licistoue. — 
Eds.  J. la.] 

JLHE  point  of  Cesaro's  proof  and  of  the  exten.sion  given  by 
the  Avriter  lies  in  expressing  the  upper  and  lower  limits  of 
A  log.  '\jr{n)  in  the  form  U,i  —  Um+i.  Since  the  note  was  closed 
for  press,  it  lias  been  found  that  by  the  same  methods  we  may 
replace  the  inferior  limit  found  for  n  !  by  another  which  is 
both  nearer  the  tru.e  value  and  in  closer  agreement  with  that 
found  by  higher  methods.     We  have 
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*  Piovidetl  w  >  1,  a  condition  \vlii(h  does  not  effectively  limit  ilic  i^encrality 
of  the  results. 
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Hence^  using  this  value  of  t{n)   and  proceeding  otlierwiso  as 
before,  Ave  shall  find  (?j  >  1) 

the    second    limit    being    much    closer    than    that    given    on 
pp.  104  and  105. 


LEGAL   NOTES. 
Bij  William  Charles  Sharmax,  F.I.A.,  Barrister-at-Lav: . 

Deferred  J-  H  E  case  of  GavmichaeV s  Executrix  v.  CarmicliaeJ, 

j!^.'^"/!™"'''  57    S.L.R.   547,   ^vhich  was    an    appeal   from   the 

thi'tio 

Court  of  Session  (Scotland)  to  the  House  of  Lords, 
is  of  interest.  H.  F.  Carmichaei  took  out  on  the  life  of  his 
son  a  policy  of  defeii-ed  assurance  which  provided  that 
up  to  the  son's  majority  he,  the  father,  might  surrender,  or  in 
the  c.ise  of  the  son's  death  before  that  event  receive  repayment 
of  the  premiums  paid.  The  son,  if  he  attained  his  majority, 
could  maintain  the  policy  by  continuing  payment  of  the 
premium,  in  Avhich  case  the  sum  assured  was  payable  to  his 
executors  or  assignees  on  his  death,  or  he  might  exercise 
certain  oj)tions.  The  father  retained  the  policy  in  his  own 
custody.  The  son  attained  his  majority  and  died  before  a 
further  premium  was  due,  and  a  competition  resulted  between 
the  son's  executrix  and  the  father  as  to  the  assured  fund.  The 
House  of  Lords,  reversing  the  judgment  of  the  Court  of 
Session,  held  that  the  executrix  was  entitled  to  the  fund 
inasmuch  as  the  son  at  his  death  had  a  jus  qnaesitum  m  the 
policy.  The  material  portions  of  the  policy  are  as  follows  : 
"  Whereas  Hugh  Fletcher  Carmichaei,  consulting  engineer, 
"  Hong  Kong,  herein  called  the  grantee,  has  proposed  to 
"  effect  an  assurance  with  the  English  and  Scottish  Law  Life 
"  Assurance  Association  for  the  sum  of  One  Thousand  pounds 
"  upon  the  life  of  his  son  Ian  Neil  Carmichaei  (stated  to  have 
"  been  born  on  the  twenty-ninth  day  of  October  1894), 
"  hereinafter  called  the  life  assured,  on  the  terms  hereinafter 
"  stated,  and  has  delivered  at  the  offices  of  the  said  association 
■"  a  proposal  and  declaration And  whereas  the  grantee 
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''  has  paid  to  the  association  the  sum  of  Nine  pounds  ten 
"  shillings  premium  for  the  year  terminating  on  the  twenty- 
"  first  day  of  October  1904  inclusive,  and  has  agreed  to  pay 
"  to  the  association  the  like  premium  on  the  twenty-second 
"  day  of  October  1904  and  on  every  subsequent  twenty- 
'^  second  day  of  October  up  to  and  inclusive  of  the  twenty- 
"  second  day  of  October  1914.  Now  this  policy  witnesseth 
"  that  if  the  life  assured  shall  die  before  the  tweuty-ninth  day 
"  of  October  in  the  year  One  thousand  nine  hundred  and  fifteen, 
"  then  the  funds  and  other  property  of  the  association  shall 
"  be  subject  and  liable,  according  to  the  provisions  of  the  deed 
"  of  settlement  of  the  association  and  of  the  resolutions 
"  endorsed  thereon,  to  repay  at  one  of  the  principal  offices  of 
"  the  association  in  Edinburgh,  or  London,  or  at  the  office  in 
''  Dublin,  to  the  grantee,  his  executors,  administrators,  or 
"  assignees,  immediately  after  the  death  of  the  life  assured 
"  (prior  to  the  said  twenty-ninth  day  of  October  1915)  and  his 
'•'  age  and  the  title  to  this  policy  shall  have  been  proved  to  the 
"  satisfaction  of  the  directors  of  the  said  association,  all  the 
^^  said  premiums  so  paid  by  the  grantee  or  his  foresaids,  but 
"  without  any  interest  thereon,  and  the  receipt  of  the  grantee 
"  or  his  foresaids  shall  also  be  a  good  discharge  to  the 
"  association  for  any  surrender  value  allowed  under  this 
"  policy  prior  to  the  said  twenty-ninth  day  of  October  1915. 
'•'  But  should  the  life  assured  live  until  the  said  twenty-ninth 
"  day  of  October  1915  and  so  attain  twenty-one  years  of  age, 
"  and  he  or  his  assignees  shall  continue  thereafter  to  pay  to 
"  the  said  association  the  premium  of  Nine  pounds  and  ten 
"  shillings  on  the  said  twenty-second  day  of  October  in  each 
"  year  during  the  continuance  of  this  assurance,  then  the 
"  funds  and  other  property  of  the  association  shall  be  subject 
"  and  liable  as  aforesaid  to  pay  at  one  of  its  said  offices  to  the 
"  executors,  administrators,  or  assignees  of  the  life  assured 
"  immediately  after  the  death  of  the  life  assured  (on  or 
"^  subsequent  to  the  said  twenty-ninth  day  of  October  1915), 
'•  and  his  age  and  the  title  of  this  policy  shall  have  been 
"  proved  as  aforesaid,  the  said  sum  of  One  thousand  pounds 
"  of  lawful  money  of  Great  Britain."' 

Lord  Dunedin,  in  the  course  of  a  very  learned  judgment, 
said :  "  The  question  therefore  comes  to  be — Had  Ian 
"  Carmichael  a  jus  quaesitum  tertio  under  the  policy  which 
"  passed  the  proceeds  thereof  to  his  executrix  ?     I  think  it 


164  Legal  Na/es.  [Oct. 

"  very  necessary  to  begin  by  pointing"  out  that  the  expression 
"  jus  qiiaesitum  tertio  is  in  different  cases  and  different 
"  circumstances  used  in  a  varying  sense,  or  perhaps  1  might 
"  better  say,  is  looked  at  from  a  different  point  of  view.  The 
"  one  sense  is  meant  when  the  question  being  considered  is 
'•'  simply  whether  the  tertnis  C  has  the  right  to  sue  A  in 
"  respect  of  a  contract  made  between  A  and  B  to  which 
"  contract  C  is  no  party.  The  controversy  then  arises  between 
"  C,  who  wishes  to  sue,  and  A  who  denies  his  title  to  do  so. 
"  It  is  here  that  there  is  a  sharp  technical  diversity  between 
"  the  laws  of  England  and  Scotland.  In  Eno^laiid  no  matter 
"  how  much  the  contract  contained  provisions  for  behoof  of 
"  C,  C  could  never  sue  at  law.  In  equity  he  could  sue,  but 
"  he  could  only  sue  if  by  the  terms  of  the  contract  he  could 
"  successfully  maintain  that  A  was  constituted  a  trustee  in  his 
"  favour.  In  Scotland  if  the  provision  is  expressed  in  favour 
"  of  C  he  can  sue,  and  this  is  often  designated  by  saying  '  He 
"  has  a  jus  quaesitum  tertio.'  Probably  the  reason  of  the 
"  differ.ence  indicated  lies  in  the  simple  fact  that  in  Scotland, 
"  law  and  equity  were  never  separate.  Another  familiar 
"  illustration  of  the  same  class  of  diff"erence  will  be  found  in 
"  the  right  of  an  assignee  in  Scotland  to  sue  in  his  own  name 
"  — a  right  which  at  common  law  in  England,  apart  from 
"  statute,  he  did  not  possess.  But,  as  already  stated,  in  all 
"  this  class  of  cases  the  controversy  is  between  A  and  C.  B 
"  is  either  no  longer  existent,  or  is  so  far  as  he  is  concerned 
"  quite  willing  that  C  should  exact  li's  rights  ....  The  other 
"  sense  of  the  expression  is  when  the  emphasis  is,  so  to  speak, 
"  on  the  quaesitum,  and  when  the  controversy  arises  not 
"  between  C  and  A,  bat  between  C  and  B.  In  such  a  case  A 
"  is  willing  to  perform  his  contract,  and  the  contract  in  form 
"  provides  that  A  shall  do  something  for  C,  but  B  or  those 
"  who  represent  B^s  estate  interfere  and  say  that  B  and  not  C 

"  is  the  true  creditor  in  the  stipulation It  is  needless 

"  to  say  that  the  present  case  is  one  of  the  latter  category.  .  . 
"  Using  the  letters  as  above  A  is  here  willing  to  pay.  The 
"  controversy  is  as  to  whether  B  or  C  is  entitled  to  receive.  .  .  . 

" We  are  entitled,  I  think,  to  look  to  the  nature  of  the 

"  insurance  effected,  the  incidents  whicii  are  connected  ^\iih. 
"  it,  and  the  objects  which,  according  to  the  prospectus 
"  attached  to  the  form  which  Mr.  Carmichael  signed,  are 
"  sought  to  be  obtained.      So  doing  I  find  a  contract  which 
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"  makes  a  marked  distinction  between  the  period  up  to  the 
"  majority  of  the  life  assured  and  the  period  thereafter.  Up 
"  to  the  majority  it  is  the  taker  of  the  policy — tlie  gi-antee  as 
"  he  is  called — who  engages  to  pay  the  premiums,  who  can 
"  stop  paying  if  he  likes  and  transact  as  to  a  surrender  value, 
"  and  who,  if  the  life  fails  to  attain  majority  is  entitled  to  a 
"  return  of  the  money  paid  but  without  interest.  After 
"  m.ajority  the  whole  scheme  alters,  the  grantee  no  longer 
"  engages  to  pay  the  premiums,  but  the  life  assured  is  given 
"  several  options.  He  may  elect  to  continue  to  pay  the 
"  premiums  and  keep  the  policy  as  an  ordinary  policy,  or  he 
"  may  convert  it  into  a  paid  up  policy,  or  into  an  endowment 
"  policy,  or  he  may  receive  a  cash  payment.  These  options 
"  given  to  the  life  assured  but  not  to  the  grantee  are  strangely 
"  inconsistent  with  the  idea  of  there  being  no  vested  right  in 
"  the  life  assured,  and  consistent  with  the  idea  of  promoting 
"  thrift  in  the  person  of  the  life  assured.  I  next  turn  to  the 
"  fact  that  during  the  period  in  which  action  was  open  to  the 
"  grantee  no  action  was  taken.  Then  comes  the  fact  that 
"  the  son  undoubtedly  knew  of  the  assurance — a  knowledge 
"  which  it  is  legitimate  to  conclude  came  through  his  father, 

"^  though  the  proof  falls  short  of  direct  communication 

"  Taking  all  the  circumstances  together  I  come  to  the 
"  conclusion  that  we  have  here  the  evidence  necessary,  when 
"  taken  along  with  the  terms  of  the  document,  to  show  that 
"  an  irrevocable  jus  quaesituvi  was  constituted  in  favour  of 
"  Ian  Carmichael,  that  the  proceeds  of  the  policy  which,  by 
''  the  conception  of  the  contract,  fall  to  be  paid  to  his 
"  executors,  truly  belong  to  them,  and  that  therefore  the 
"  present  appeal  should  be  allowed." 


The    liability    of    an    assurance     society    for    the 

Mu?^p?e6*eat*atioii misrepresentations  of  its  agent  was  considered  by 

the  Irish  Courts  in  the  case  of  Bryne  v.  Rudd  and 

others,    Trustees  of  the    City    of  Dublin  Assurance    Society, 

reported  in  the  King's  Bench  Division  (1920),  2  I.E.  12. 

In  this  case  the  plaintiff  was  a  railway  servant,  and 
the  defendants  were  the  Trustees  of  the  City  of  Dublin 
Assurance  Collecting  Society,  a  friendly  society  registered 
under  the  Friendly  Societies  Act,  1896.  The  society  employed 
agents   who   canvassed    for   persons    to    join    the    society    as 

VOL.  LI  I.  N 
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members  for  certain  premiums,  and  among  other  objects 
granted  endowment  policies. 

Evidence  was  offered  that  one  of  the  society^s  agents 
visited  plaintiff  at  his  residence  in  December  1917,  and 
represented  to  him  that  if  he  insured  and  took  out  an 
endowment  policy  in  the  said  society,  and  paid  a  first 
premium  of  £7.  09.  lOd ,  he  could  obtain  an  immediate  loan 
of  £100  Avithout  security  and  without  interest.  The  plaintiff 
was  desirous  of  getting  the  loan  in  order  to  purchase  certain 
land  which  was  being  distributed  amongst  the  poor  people  of 
the  district  at  a  reduced  price  by  trustees,  who  had  purchased 
a  laro-e  estate.  The  ag^ent  was  aware  of  this,  and  discussed 
it  with  the  plaintiff.  The  plaintiff  signed  a  proposal  and 
application  for  a  policy,  which  declared  that  the  proposal 
should  be  the  basis  of  the  contract  entered  into  between  him 
and  the  society,  and  that  the  proposer  had  signed  the 
proposal,  having  first  read  the  prospectus.  The  plaintiff  had 
not  in  fact  read  the  prospectus,  nor  were  its  contents 
communicated  to  him.  The  prospectus  contained  a  statement 
that  loaus  to  members  would  be  granted  on  approved  security 
after  one  year's  membership.  The  plaintiff  borrowed  the  said 
sum  of  £7.  OS.  lOcZ.,  and  paid  it  to  the  society,  whose  receipt 
was  proved. 

An  endowment  policy,  dated  1  December  1917,  for 
the  sum  of  £200,  was  produced  in  Court.  The  plaintiff 
admitted  that  a  green  book  was  shown  to  him  by  the  agent, 
but  stated  that  he  did  not  read  it,  and  that  its  contents  were 
not  communicated  to  him.  No  evidence  was  offered  that 
plaintiff  knew  that  the  society  was  a  friendly  society  within  the 
me.aning  of  the  Friendly  Societies  Acts,  and  as  such  could 
only  make  loans  to  members  of  at  least  one  full  year's 
standing.  In  February  1918,  the  plaintiff  applied  to  the 
society  for  a  loan  of  £100  on  his  policy,  but  was  informed 
that  no  loans  were  granted  until  a  policy  had  been  a  year  in 
force,  and  that  in  any  event  he  had  not  stated  what  security 
he  ijitended  to  offer. 

The  King's  Bench  Division  (Gibson  and  Gordon,  J.J., 
sitting  as  a  Divisional  Court),  held  that  the  complete 
absence  of  authority  in  the  agent  to  make  a  representation,  or 
to  give  the  undertaking,  made  it  impossible  for  the  plaintiff 
either  to  fix  the  society  with  fraud  or  recover  back  the  cash  ; 
and  that,  viewed  as  an  ultra  vires  transaction,  the  paj-ment 
could  not  found  anv  legal  remedv- 
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The  Couit  of  Appeal  (reversing  the  King's  Bench 
Division)  held  that  the  society  could  not  be  allowed  to  retain 
money  which  had  been  procured  for  and  received  by  it 
under  a  contract  which  the  assured  had  been  induced  to  enter 
into  b\'  the  frau'lulent  misrepresentation  of  its  agent;  that 
even  tlioug-h  the  agent\s  representation  involved  the  doing-  of  an 
act  which  was  illegal  or  ultra  vires  on  the  part  of  the  principal, 
he  was  nevertheless  acting  Avithin  the  scope  of  his  authority 
in  making  it,  in  so  far  at  least  as  to  deprive  the  society  of  the 
right  to  retain  any  benefit  under  it. 

Sir  James  Campbell,  Chancellor,  in  his  judgment,  referred 
to  the  decisions  of  the  Court  of  Appeal  in  the  cases, 
British  Wo>-kman's  &  General  Assurance  Co.  v.  Cunliffe, 
18  T.L.R.  425,  andi7ar.se  v.  Fearl  Life  Assurance  Co.  (1903), 
2  K.B.  92,  and  said: 

"  These  two  cases  are  clear  and  distinct  authorities  for  the 
^'  proposition  that  a  plaintiff  is  entitled  to  recover  back  from 
"  the  insurers  the  premiums  lie  has  paid  under  a  contract  of 
"  insurance  into  which  he  has  been  induced  to  enter  by  the 
"  fraudulent  misrepresentation  of  the  agent  of  the  insurers  in 
"  reference  to  a  subject  which,  to  some  extent,  at  least,  as  in 
"  the  case  before  us,  involved  a  matter  of  law,  namely,  the 
"  validity  of  the  contract,  or  the  particular  obligations  which 
"  it  imposed  upon  the  company.'^ 

The  Chancellor  also  referred  to  the  judgments  in 
Kettlewellv.  Refuge  Assurance  Co.  (1907j,2  K.B.  242,  and /./.J.., 
vol.  xli,  p.  574,  vol.  xlii,  p.  401,  and  vol.  xliii,  p.  351 ;  Tofts  v. 
Pearl  Life  Assurance  Co.  (1915),  1  K.B.  189,  and/./.J..,  vol.xlix, 
p.  93,  and  Hughes  v.  Liverpool  Victoria  Legal  Friendly  Society 
(1916),  2  K.B.  482,  and  J.LA  ,  vol.  1,  pp.  39  and  120,  and 
continued  :  "  These  important  judgments  established  beyond 
"  question  that  an  insurance  company  is  not  entitled  to  retain 
"  as  against  the  insured, the  premiums  that  he  has  paid  under 
"  a  policy  Avhicli  he  has  been  induced  to  effect  by  the 
"  fraudulent  representation  of  the  agent  of  the  company,  even 
"  though  such  representation  amounts  to  a  mis-statement  of 
"  law,  or  involved  his  principal  in  an  obligation  which  he  was 
"  by  law  prohibited  from  performing.  Every  line  in  these 
"  judgments  is  at  variance  with  the  reasoning  and  conclusion 
"  t»f  the  judgments  of  Gibson  and  Gordon,  J. J.,  and  completely 
"  disposes  of  the  suggestion  that  a  principal  is  entitled  to 
•"  retain  the  profits  of  a  contract  induced  by  the  fraudulent 

N  2 
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"  representation  of  his  agent,  in  any  case  in  which  the 
"  representation  involves  the  do'.ng  of  an  act  which  was  illegal 
"  or  ultra  vires  on  the  part  of  the  principal/' 


Memorandum  of    Scction    9,    sub-scction    3    (tt)    of    the    Companies 
iSSin'C"     (Consolidation)    Act,    1908,    requires    that    notice 

objects  clause.  i_   ^  ■  ,        n  i  <• 

must  be  given  to  any  persons  or  class  or  persons 
"  whose  interest  will,  in  the  opinion  of  the  Court,  he  affected 
"  by  the  alteration  ",  before  the  Coui-t  will  confirm  alterations 
of  the  objects  clause  in  the  memorandum  of  association.  In 
the  case  of  Hearts  of  Oak  &  General  Assurance  Co.,  Limited, 
In  re,  reported  89  L.J.  Ch.  241,  it  was  held,  on  a  petition  by 
a  company  whose  principal  object  Avas  general  and  industrial 
life  assurance  to  confirm  certain  alterations,  that  the 
sub-section  only  refers  to  persons  or  classes  of  persons  who 
have  interests  in  the  petitioning  company  and  not  to  those 
who  have  interests  outside  the  company,  which  may  be 
affected ;  and  consequently  that  a  rival  society  carrying  on  a 
similiar  business  to  that  which  the  company  is  seeking  to  carry 
on  cannot  claim  to  be  heard  on  the  ground  that  its  interests 
will  be  affected  if  the  petition  is  granted. 


Where  a  trustee  before  his  appointment  acquires 
Knowledge  of  new  l^i^owledge  of  au  incumbranco  ou  the  trust  estate 
trustee.  Notice.  -^^  g^cli  a  way  that  as  a  reasonable  man  be  would 
on  his  appointment  act  upon  and  regulate  his  conduct  in  the 
execution  of  the  trust  by  the  information  so  acquired,  and 
that  knowledge  continues  to  operate  on  his  mind  in  the  same 
way  after  his  appointment,  notice  given  to  him  after  his 
appointment  by  a  subsequent  incumbrancer  will  not  displace 
the  priority  of  the  earlier  incumbrance.  This  Avas  the 
decision  of  Lawrence  J,,  in  the  case  of  The  I'psicich  Permanent 
Money  Club,  Ltd.,  v.  Arthy,  reported  (1920),  2  Ch.  257. 

The  facts  are  briefly  as  follows  :  In  1903  William 
Spendelow,  the  sole  trustee  of  a  trust  estate,  mortgaged  his 
reversionary  interest  in  the  trust  estate  to  the  defendant, 
Arthy,  and  in  1907  he  again  mortgaged  his  reversionary 
interest  to  the  plaintiff's  wnthout  disclosing  Arthy's  mortgage. 
William  Spendelow's  reversionarv  interest  was  insufficient  to 
pay  both  mortgages.  In  July  1908  the  plaintiffs  became 
aware  of  William  Spendelow's  fraud,  and  negotiations  then 
ensued  and  were  still  pending  between  them  and  Harry 
Spendelow  (the  brother  of  William  Spendelow)  when  Harry 
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Spendelow  on  23  September  1908^  procured  himself  to  be 
appointed  a  new  trustee  of  tlie  trust  estate  in  order  to  deal 
with  the  situation  occasioned  by  the  brother^s  fraud.  On 
29  September  1908,  the  plaintiifs  again  wrote  to  Harry 
Spendelow  referring  in  effect  to  the  fraud  and  pressing  for 
an  answer.  Harry  Spendelow  replied  that  he  could  do 
nothing,  and,  on  28  October  1908,  gave  to  the  plaintiffs  and 
to  Arthy  notice  that  he  had  been  appointed  a  new  trustee. 
Thereupon  the  plaintiffs  through  their  solicitors  on  30  October 
1908,  gave  Harry  Spendelow  formal  notice  in  writing  of  their 
mortgage,  and  subsequently  the  transferee  of  Arthy's 
mortgage  gave  to  him  formal  notice  of  his  security.  After 
the  reversionary  interest  had  fallen  into  possession  the 
plaintiffs  claimed  priority  on  the  ground  that  their  notice  to 
Harry  Spendelow  after  his  appointment  as  trustee  was  first 
in  point  of  date,  and  relied  on  In  re  Dallas  (1904),  2  Ch.  385. 
In  the  course  of  his  judgment  Lawrence,  J.,  said  : 
"  The  plaintiffs  rest  their  case  entirely  upon  their 
"  solicitors'  letter  of  30  October,  1908,  which  they  contend 
"  operated  to  displace  the  priority  of  Arthy's  mortgage  and 
"  to  give  priority  to  the  plaintiffs'  mortgage.  The 
^'  submissions  made  to  me  in  support  of  this  contention  w^ere, 
"  first,  that  the  rule  in  Dearie  v.  Rail,  3  Russ.  1,  applies  to  the 
"  plaintiffs'  and  Arthy's  mortgages ;  secondly,  that  the 
*'  knowledge  which  \Yilliam  Spendelow  had  of  the  mortgages 
"  created  b}^  himself  was  not  an  effective  notice  to  operate  on 
"  priorities  within  the  rule,  and  consequently  that  the  rule  first 
"  became  applicable  when  Harry  Spendelow  was  appointed  a 
"  trustee  of  the  testator's  will  ;  thirdly,  that  knowledge 
"  acquired  by  or  notice  given  to  Harry  Spendelow  before  his 
*'  appointment  as  trustee  of  the  testator's  will  had  no  effect, 
^'  and  therefore  the  dates  of  the  notices  given  after  his 
"  appointment  must  determine  the  order  of  priority ;  and 
*'  lastly,  that  the  first  notice  of  the  plaintiffs'  mortgage  given 
"  to  Hai-ry  Spendelow  after  his  appointment  w^as  the  notice 
^'  given  by  the  letter  of  30  October,  1908,  and  consequently 
"  that  the  plaintiffs'  mortgage  ranks  in  order  of  priority  before 
^'  Arthy's  mortgage.  In  the  next  place,  the  Court  of  Appeal 
"  in  In  re  Dalla.s'  has  decided  that  notice  to,  or  knowledge  of, 
"  a  sole  assignor  trustee  is  not  an  effective  notice  to 
^'  operate  on  priorities.  I  am  bound,  therefore  to  dismiss 
"  from  this  case  all  considerations  of  the  knowledge  of 
^'  William  Spendelow  and  of  the  express  notice   given  to  him 
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"  by  the  plaintiffs'  solicitors  on  30  May  1907.  It  follows  from 
"  what  I  have  stated  that  on  the  appointment  of  Harry 
"  Spendelow  as  trustee  of  the  testator's  will  there  came  into 
"  existence  for  the  first  time  a  legal  holder  of  the  trust 
"  property  to  whom  notice  could  be  given  so  as  to  operate  on 
"  the  priorities  of  Arthy's  and  plaintiffs'  mortgages.  The 
"  question  then  arises  whether  the  knowledge  which  Harry 
"  Spendelow  had  acquired  of  Arthy's  mortgage  pi*ior  to  his 
''  appointment  as  trustee  to  the  testator's  Avill  operated  to 
"  protect  the  priority  of  that  mortgage  and  to  prevent  the 
"  notice  which  the  plaintiffs  gave  of  their  mortgage  on 
"  30  October  1 908,  from  displacing  that  priority.  In  my 
"  opinion  this  question  is  not  free  from  doubt,  and  its  solution 
"  is  not  easy^  owing  to  the  admitted  difficulty  of  accurately 
"  defining  the  pinnciple  on  which  the  doctrine  of  notice  as 
"  established  by  the  rule  in  Dearie  v.  Hall  depends  :  See  per 
"  Lord  Macnaghten  in  Ward  v.  Duncombe  (1893),  A.C.  369. 
"  It  is  Avell  established  that  the  rule  does  not  render  it 
"  necessary  for  an  incumbrancer,  in  order  to  preserve  the 
"  priority  of  his  incumbrance,  to  prove  that  he  gave  notice 
"  of  his  incumbrance  to  the  trustee  of  the  fund.  It  is 
"  suflicieut  if  he  can  prove  to  quote  the  words  of  Lord  Cairns 
"  in  Lloyd  v.  Banks,  L.R.  3  Ch.  488,  490—'  that  the  mind  of 
"  '  the  trustee  has  in  some  way  been  brought  to  an  intelligent 
"  '  apprehension  of  the  nature  of  the  incumbrance  which  has 
"  '  come  upon  the  property,  so  that  a  reasonable  man,  or  an 
'^  '  ordinary  man  of  business,  would  act  upon  the  information 
"  '  and  would  regulate  his  conduct  by  ib  in  the  execution  of 
"  '  the  trust.  If  it  can  be  shown  that  in  any  way  the  trustee 
"  '  has  got  knowledge  of  that  kind  ....  then  I  think  the  end 
"  '  is  attained,  and  that  there  has  been  fixed  upon  the 
"  '  conscience  of  the  trustee,  and  through  that  upon  the  trust 
"  '  fund,  a  security  against  its  being  parted  with  in  any  way 
"  '  that  would  be  inconsistent  with  the  incumbrance  which 
"  '  has  been  created.'  In  the  present  case  it  has  been  proved 
"  conclusive!}^  that  the  mind  of  Harry  Spendelow  had  before 
"  his  appointment  as  a  trustee  been  brought  to  an  intelligent 
"  apprehension  of  Arthy's  mortgage  in  such  a  way  that  as  a 
"  reasonable  man  he  would  on  his  appointment  as  a  trustee 
"  act  upon  the  information  he  had  acquired  and  would 
"  regulate  his  conduct  in  the  execution  of  the  trust  by  such 
"  information." 
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ACTUARIAL    NOTE. 

On  obtaining  values  of  Life  Annuities  at  isolated  rates  of 
interest.  By  E.  H.  Lever,  F.I. A.,  of  the  Prudential 
Assurance   Compaiuj. 

Dr.  J.  F.  STEFFENSEN  has  shown  (J.I.A.,  vol.  li,  p.  278) 
that  very  fair  approximate  values  of  a.,-  may  be  obtained  by 
expressing  the  life  annuity  in  the  form  of  an  annuity-certain, 
the  term  of  which  is  e.,.  — ?e.r,  ej.  being  the  curtate  expectation 
of  life,  i  the  rate  of  interest  involved,  and 

Y.,     1      1.. 

where  Y^,.  has  the  meaning  assigned  to  it  in  T.B.  notation. 

The  above   result   is    obtained   by   solving  for   n    in    the 
equation 

1  -  r" 


or 


i 
loL'"(l  —  /«.,•) 

"logu+TT 


,                         -,.             log(l— mr)   ■  f  '       ^         ^     ,■ 

whence  expandmo- ; —  m  powers  oi  i  and  neoflectmo- 

^  ^  log(i+7)  ^  ^  "^ 

in  the  result  powers  above  the  first  the  approximation 
n==-ej,.  —  iex-  follows  directly. 

An  alternative  method  is  to  take  known  values  of  a_^  as  a 
basis  instead  of  e.,..  The  term  of  the  annuity -certain  then 
becomes  a^.  —  hax  where 

a.c=-|y  —  :ja^(a^+l) 

and  li  is  the  difi^erence  between  the  rate  at  which  the  annuity 
value  is  required  and  the  rate  used  as  a  basis.  (See  J.I.A., 
vol.  li,  p.  283). 

Leaving  for  the  moment  any  discussion  as  to  whether  the 
results  obtained  are  sufficiently  accurate  for  practical  purposes 
or  whether  in  any  event  it  would  be  worth  while  to  tabulate 
the  values  of  Cj;  or  a^.  in  the  case  of  a  particular  mortality 
table,  it  is  useful  to  notice  that  the  approximation  does  in  any 
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case  contain  the  germ  of  a  simple  and  accurate  means  of 
interpolating  between  known  values  of  ctj,  in  order  to  obtain 
a  value  at  a  rate  of  interest  not  tabulated. 

The  practical  methods  of  doing  this  at  present  are  to 
interpolate  by  means  of  a  finite  difference  formula  between 
such  values  of  a^,.  as  are  known  or  to  make  use  of  the  ratio 
between  annuity  values  of  another  mortality  table. 

It  is  not  suggested  that  the  method  about  to  be  proposed 
Avill  entirely  supplant  those  at  present  in  use,  as  the  results  by 
the  latter  are  often  sufficiently  accurate,  but  the  examples 
which  follow  will  show  the  gain  in  accuracy  which  the  new 
method  gives  in  any  event,  and  will  demonstrate  it  as  providing 
good  results  when  all  other  methods  fail.  The  method  applies 
equally  to  select  tables,  but  perhaps  its  chief  value  lies  in  the 
fact  that  it  may  also  be  applied  with  facility  and  accuracy  in 
the  case  of  joint  life  and  temporary  annuities. 

Confining  our  attention  to  the  formula  involving  the 
€,c  function  it  will  be  seen  that  the  whole  essence  of  the 
approximation  is  that  the  term  (??,  say)  of  the  equivalent 
annuity-certain  can  be  expressed  in  the  form  A  — Bt  where 
A  and  13  are  functions  of  x  and  as  such  constant  for  a 
particular  value  of  x. 

Ignoring  the  mathematical  form  of  A  and  B,  which  is  for 
present  purposes  immaterial,  it  follows  that  with  i  as  the  only 
variable,  n  is  a  linear  function  and  thus  if  any  two  values 
are  known  any  other  value  can  be  accurately  obtained  by  first 
difference  interpolation.  Thus  suppose  the  values  of  a^.  and  a'^ 
at  rates  i  and  i'  be  known  and  the  value  of  a"a;  at  rate  /"  be 
required,  and  that  i'  —  i  +  h  and  i"  =  {  +  h'.  The  process  would 
be  to  find  first  the  values  of  n  at  rates  l  and  i'  from  the 
equations 

]og:(l  — ?'«,.) 

or  11  =■ ,'     ,^ ^ 

log(l  +  0 

aud  a'_j,  =  a,7| 

,  logr(]  —  *'a'.^) 

Then  n'  the  term  of  the  annuity-certain  equivalent  to  (i'\.  is 
equal  to  n—  ^-{n  —  n')  and  a^^=a:,^:\  which  will  give  the 
approximate  value  required. 
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As  the  expression  A  — Bi''  is  an  approximation  only  and  not 
exact  it  is  reasonable  to  suppose  that  in  arriving  at  a  value 
of  a^  for  any  particular  rate  of  interest  i  the  best  result  will 
be  obtained  by  using  as  a  starting  point  known  values  of  ax  at 
rates  of  interest  differing  as  little  as  possible  from  i. 

The  following  examples  will  show  the  remarkable  accuracy 
obtained  by  the  method  just  outlined  even  Avhen  subjected  to 
a  severe  test.  The  least  satisfactory  results  naturally  occur 
at  the  youngest  ages  and  the  higher  rates  of  interest. 

The  numerical  work  is  given  in  Example  1,  to  illustrate 
the  method  clearly. 

It  n)ay  be  pointed  out  that  there  are  two  ways  in  which 
the  values  of  n  and  n  can  be  found  which  satisfy  the  equations 
a^  =  o-j  and  a  xz=a^ .  The  first  and  simplest  is  to  enter  a  table 
of  annuities-certain  inversely  with  the  value  of  a^  and  use 
first  difference  interpolation  to  find  the  fractional  period. 
The  second  is  to  solve  for  n  in  the  equation 

_      loqr(l — idx) 
"~~    rog(l  +  /) 

and  thus  obtain  a  more  accurate  value. 

Logically  it  would  seem  that  the  plan  actually  used  should 
depend  on  the  method  adopted  for  obtaining  the  value  of 
a^l  from  the  value  of  n"  when  this  has  been  ascertained.  If, 
as  is  proposed,  it  is  decided  to  use  first  difference  interpolation 
for  the  fractional  part  of  n"  to  arrive  at  the  value  of  a,77  then 
it  would  seem  better  to  employ  first  difference  interpolation 
throughout  since  b}'^  so  doing  errors  would  to  some  extent,  if 
not  entirely,  counterbalance.  This  plan  has  actually  been 
adopted  in  all  the  examples  which  follow. 

If  the  values  of  n  and  n'  were  obtained  by  the  more  correct 

formula  then  logically  the  value  of  n"  should  be  found  from 

the  equation 

l-vn" 


The  difference  in  the  numerical  result,  even  when  the 
methods  are  combined,  is  negligible,  only  occasionally  affecting 
the  third  decimal  place  of  the  annuity  value.  The  use  of 
first  difference  interpolation  throughout  has  the  advantages 
of  lessening  the  arithmetical  work  and  obviating  the  necessity 
of  using-  tables  of  log-arithms. 
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Values  of  Ux  available  ...   4  per-cent  and  5  per-cent  only. 
„       ,,    ttp  required   ...   aoo  and  f/50  at  4|  per-cent. 

Using  4  per-cent  and  5  per-cent  as  the  basis  and  adopting 
H^^  (T.B.j  Mortality,  we  have 

a^^  =  1 8-662  =r«g^ 

ai -1 6-062  =  aP 
Whence  «  =  34-9898 

and  ii'=:33  3125 

by  entering  a  table  of  annuities-certain  inversely 

and  n"=  \  (n  + n')  ==  J  (68-3023)  =  34-1 51 2 


and 


aW  =  a^^.=\l-219 


again  b}*  first  difference  interjiolation. 
Similarly  for  a-^^,. 
In  this  instance  the  use  of  the  formula 

_  _  log(l— rgj.) 
"~      "log(l^-t) 

produces  an  identical  numerical  result. 
The  results  are  compared  below. 
Column  headed  A  gives  result  by  new  method. 

„  „       B       ,,         „       of  first  difference  interpola- 

tion between  4  per-cent 
and  5  per-cent. 

Values  of  a^  4i  per-cent. 


Age 

True  Value 

A 

B 

Value 

Error 

Vilue 

Error 

-•083 
-•024 

20 
50 

17-27:t 
1 1  -yjs 

17-27!< 
ll-92;i 

-(00 
-000 

17-362 
11-947 

The  results  by  the  new  method  in  this  instance  are  exact 
and  therefore  no  better  results  would  be  obtained  even  if  a 
more  extended  range  of  annuity-values  were  available  and 
more  powerful  means  of  finite  difference  interpolation  applied. 
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Values  available     ...   3  per-cent  and  5  per-cent. 
Ya.lues  required     ...  4  per-cent  and  6  per-cent. 

Column  headed  A  gives  values  by  new  method. 

„  „       B       „  „      of  first  difference  interpola- 

tion between  3  per-cent 
and  5  per-cent. 

Values  of  a^  4  per-cenf. 


Age 

True  Value 

A 

B 

Value 

Error 

Value 

ElTOV 

20 
50 

18-662 
12-522 

18-665 
12-524 

--003 
•002 

19-063 
12-624 

1 

-  -401 
--102 

1'he  results  here  are  again  exact  and  the  same  remark 
therefore  applies  as  in  the  preceding  example. 

Values  of  ax  6  per-cent. 


Age 

True  Value 

A 

B 

Value               EiTor 

Value 

Error 

20 
50 

14-035 
10-388 

14-025             -010 
10-381             -007 

13  061 
10-118 

-974 
-270 

The  accuracy  of  the  new  method  in  this  case  is  far  greater 
than  could  be  obtained  by  any  other  method  mth  the  same 
material  and  is  again  exact  for  all  practical  purposes.* 


Example  3. 


Values  available 
Values  required 


3  per-cent,  4-  per-cent, 
5  per-cent,  6  per-cent. 

7  per-cent,  8  per-cent, 
which  are  both  well 
outside  the  rangfe. 


*  When,  as  in  this  example,  other  life  annuity  tables  are  available  at  the 
requisite  rates  more  accurate  values  would  probably  be  given  by  reference  to 
such  tables.  Tlius  the  Carlisle  6  per-cent  I'able  would  give  for  o-ny  by  first 
difference  interpolation  of  a  substituted  age,  14-034. —  Eds.  J.I. A. 
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Columns  headed  A  give  values  by  the  new  method  based  on 
given  values  at  5  per-cent  and  6  per-cent  Carlisle  IMoi'talitj. 

Columns  headed  B  give  values  obtained  by  extrapolation 
from  values  at  the  fonr  rates  given.  These  approximate 
values  have  been  obtained  by  the  use  of  the  ordinary  formula. 
It  may  be  pointed  out  tliat  in  this  instance  much  better  values 
could  be  obtained  by  assuming,  when  extrapolating,  that 
second  differences  are  in  Gr.P.  Values  obtained  in  this  way 
would  show  no  greater  error  than  those  under  A. 

This  example  presents  a  severe  test. 


Values  of  a^  7  per-ce??.^. 


Age 

True  Value 

A 

B 

Value               Error 

Value 

Etrf>r       ' 

20 
50 

12-259 
9-749 

! 

12-247     j        012 
9-746            -003 

12-192 
9-737 

-067 
•012 

ExaTTiple  4. 


Values  of  a^  8  per-cent. 


Age            True  Value 

A 

B 

Value               Error 

Value 

Error 

20               10-985 
50                8-987 

.10-9r,l     I       -034 
8-974            -Ul3 

10  662 
8-933 

•323 
•054 

Only  values  available  a^ 
Values  required     . . . 


'3i  per-cent. 

3  per-cent  and  4  per-cent. 


In  applying  the  method  in  this   case  one  of  the  values 
■of  n  used  was  necessarily  e^.,  the  expectation  of  life. 
Column  A  gives  values  by  new  method. 

„       B      „  „      obtained  by  Dr.  Steffensen  by  apply- 

ing  the    formula    n-=al^''  —  ha,x 
(See  J. I. A.,  vol.  li,  p.  283). 
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Age 

True  Value 

A 

B 

Value 

Error 

Value 

Error 

20 
50 

22064 
13-878 

22-054 
13-881 

-010 
-•003 

22-043 
13-875 

-021 
•003 

Values  of  a^  4  per-cent. 


Age 

T'-ue  V.iiue 

A 

B 

Value 

Error 

Value 

Error 

1 

20 
50 

18-662 

18-669 
12516 

--007 
-006 

18-649 
12-519 

-013 
-003 

It  is  unnecessaiy  to  multiply  examples.  Enough  have 
been  given  to  demonstrate  the  utility  of  the  method,  especially 
when  it  is  remembered  that  in  practice  it  is  rare  to  require  a 
value  of  a^c  at  a  rate  of  interest  differing  by  more  than 
1  per-cent  from  tabulated  values. 

It  is  not  apparent  that  any  gain  in  accuracy  would  be 
obtained  by  using  the  alternative  expression  ?i=A'  — B'/^  as 
the  basis  of  the  interpolation  where  A'  and  B'  are  functions 
of  X  and  i  at  a  known  rate.  In  fact  in  a  few  cases  that  have 
been  ti'ied  on  this  basis  the  results  do  not  seem  to  be  so 
satisfactory. 

A  fcAv  examples  of  the  application  to  temporary  and  joint 
life  annuities  may  be  instructive. 


Example  5. 


H-"  Mortality. 


Given  Oso:^  at  3  per-cent  and  5  per-cent. 
Required  aso:^  at  4  per-cent. 

Approximate  value  by  method  .. .  ...   12'499 

True  value 12-501 

Error       -002 
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Example  6. 

Given  ttsoriu  ^i^t  3  per-cent  and  5  per-cent. 
Required  osoiioj  at  4  per-cent. 

Approximate  value  ...  ...  ...     7769 

True  value  ...  ...  ...  ...     7-769 


Example  7. 


Error        Nil. 


Given  a'r]oi.f2si  ^^'^^  '^[5^]-[2^3]  ^^  ^  per-cent  and  oh  per- 
cent B.O.A. 

Required  a.J^^.J\^  and  aj^^.^g^  at  5  per-cent. 
This    example   is    chosen    so    that    the   method    maj^    be 
compared  with  that  given  in  the  memorandum  at  the  end  of 
the  British  Offices  Life  Tables  (p.  229  et  seq.). 

Taking  the  values  of  a.J^^.  ...^J,  and  a.^j  .^^^  at  3  per-cent  and 
3^  per-cent  given  in  the  examples  in  the  memorandum  (pp.  231 
and  232)  as  correct,  the  following  values  result  : 


,  F      II 

[40]  :  M 


7  F       F 
[50] :  [•::{] 


Value  by  uew  method  ...  I2"590 

,,  method  of  interpolated  equal  iiges  |  12  603 

,,  Hardy's  summation  formula     ...    [  12'J92 


11-5.54 
ll-5o5 
11-535 


As  the  values  by  Hardy's  summation  formula  are  unlikely 
to  differ  from  the  true  values  by  more  than  a  small  third 
difference  error,  the  above  table  shows  that  the  new  method 
gives  results  more  accarate  on  the  whole  than  the  method  of 
interpolated  equal  ages  ;  an  even  greater  advantage  is  that 
the  new  method  does  not  depend  for  its  application  upon  the 
existence  of  a  complete  table  of  joint  life  annuities  at  equal 
ages  at  the  rate  of  interest  at  which  values  are  requii-ed. 


Reverting  to  the  question  of  the  desirability  of  tabulating 
values  of  the  function  e^.,  a  consideration  of  the  results  shown 
in  Example  4  points  to  the  conclusion  that  if  it  be  thought 
worth  while  to  calculate  the  values  ot  this  function  at  all, 
more  accurate -results  would  be  obtained  by  obtaining  them 
empirically  from  known  values  of  a,,  rather  than  directly  from 
the  functions  Yj.  and  ej.. 
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If  available  the  values  of  n^  employed  for  this  purpose 
should  be  about  the  centre  or  between  the  centre  and  the  end 
of  the  range  of  rates  of  interest  within  which  isolated  values 
are  most  likely  to  be  required. 

This  suggestion  has  been  tested  on  the  basis  of  the 
H"*^  Tables  and  gives  very  good  results. 

It  is^  moreover,  not  without  interest  to  notice  tliat  by 
expanding  n  in  the  equation  aj.=  a,7  up  to  and  including  the 
third  power  of  i,  and  tabulating  the  successive  coefficients, 
accurate  values  of  a.c  may  be  obtained  for  all  practical  rates 
of  interest  with  the  aid  of  a  table  of  annuities-certain  onlv. 


REA'IEWS. 


Ministry  of  National  Service,  1917-1919.  Report,  Vol.  I,  upon  the 
Physical  Examination  of  men  of  Military  age  by  National  Service 
Medical  Boards  from  1  November  1917  to  31  October  1918. 
Price  6s. 

As  stated  in  the  Chairman's  letter  at  the  begimiing  of  this  volume, 
the  above  is  the  first  instalment  of  the  Report  of  a  Committee 
appointed  to  consider  the  best  method  of  utihzing  the  data  obtained 
from  the  work  of  the  Recruiting  Medical  Boards,  so  as  to  render 
it  readily  available  for  use,  and  of  placing  the  information  as  to  the 
physical  fitness  of  the  nation  so  obtained  on  record  for  futiu-e  use 
and  reference. 

Whatever  merits  the  Report  may  have  from  the  medical  aspect, 
it  must  be  admitted  that  it  is  distinctly  disappointing  from  a 
statistical  point  of  view. 

The  volume  deals  with  the  results  of  the  examinations  of  all  men 
of  military  age  called  up  for  medical  examination  under  the  Mihtary 
Ser\ace  Acts  from  the  time  of  the  re-organization  under  entirely 
civil  administration,  which  came  into  operation  on  1  November  1917, 
until  31  October  1918 — practically  the  last  year  of  the  war.  The 
claim  is  that  this  task  afforded  the  opportunity  to  make  a  far- 
reaching  medical  survey  of  the  male  population  of  Great  Britain 
and  to  a  limited  extent  also,  of  that  of  Ireland.  It  is  obvious, 
however,  that  the  medical  siu-vey  was  only  a  partial  one,  since  it 
excluded  all  the  men  already  in  the  Services. 

The  statement  regarding  the  work  required  of  the  Medical  Boards 
is  clearly  set  out — it  was  to  classify  the  men  into  broad  groups 
determined  by  physical  considerations  alone  and  had  the  satisfactory 
result  that  most  of  the  difficulties  and  anomalies  of  the  previous 
regime  disappeared.     The  actual  groups,  or  Grades,  were  as  follows : 

Grade   I. — Those  who  attain  the   full   normal  standard  of 
health  and  strength  and  are  capable  of  enduring  physical  exertion 


180  Rtvitir.s.  [Oct. 

suitable  to  their  age.  Sucli  men  must  not  suffer  from  progressive 
organic  disease,  nor  have  any  serious  disability  or  deformity. 
Minor  defects  which  can  be  remedied  or  adequately  compensated 
by  artificial  means  will  not  be  regarded  as  disqualifications. 

Grade  II. — Those  who  for  various  causes,  such  as  being 
subject  to  partial  disabilities,  do  not  reach  the  standard  of 
Grade  I.  They  must  not  suffer  from  progressive  organic  disease. 
They  must  have  fair  hearing  and  vision ;  be  of  moderate  muscular 
development,  and  be  able  to  undergo  a  considerable  degree  of 
physical  exertion  of  a  nature  not  involving  severe  strain. 

Grade  III. — Those  who  present  marked  physical  disabilities 
or  such  evidence  of  past  disease  that  they  are  not  considered 
fit  to  undergo  the  degree  of  physical  exertion  required  for  the 
higher  Grades.  Examples  of  men  suitable  for  this  Grade  are 
those  with  badly  deformed  toes,  severe  flat  foot  and  some  cases 

of  hernia  and  varicose  veins The  third  grade  will  also 

include  those  who  are  fit  only  for  clerical  and  other  sedentary 
occupations,  such  as  tailoring  and  bootmaking. 

Grade  IV. — All  those  who  are  totally  and  permanently  unfit 
for  any  form  of  Military  Service. 

The  first  chapter  deals  with  grading  as  a  criterion  of  health. 
The  comparatively  small  number  of  applications  to  Appeal  Tribunals 
for  medical  re-examinations  indicates  that  the  Boards  did  their  work 
well.  Only  1-4  per-cent  of  the  men  examined  made  such  applications  ; 
less  than  half  of  these  were  considered  by  the  Tribunals  to  rest  on 
sufficiently  substantial  grounds  to  justify  leave  for  re-examination, 
and  of  those  re-examined  by  the  Medical  Assessors,  the  grading  of 
50  per-cent  was  unchanged  ;  that  is,  in  less  than  0-4  per-cent  is 
there  reason  to  believe  the  grading  by  the  Medical  Boards  was 
incorrect.  Further  than  this,  we  are  informed  that  the  general 
tendency  of  the  Boards  was  certainly  not  to  grade  the  men^too 
low  ;  but  the  small  number  of  appeals  would  hardly  suggest^that 
unduly  high  grading  was  causing  dissatisfaction. 
The  results  of  the  year's  Vv^ork  were  as  follows  : 

Number.  Percentage. 

Grade  I  ...         871,769        36-0 

Grade  II         ...         546,276       22-5 

Grade  III        ...         756,859        31-2 

Grade  IV        ...         250,280        10-3 


2,425,184       100-0 

The  inferences  drawn  from  these  figures  are  of  the  most  depressing 
kind,  but  the  arguments  by  which  the  conclusions  are  supported  are, 
to  say  the  least,  open  to  question.  The  most  important  point  in  this 
respect  is  to  what  extent  the  men  medically  examined  dui-ing  this 
fourth  year  of  the  war  were  fully  representative  of  the  whole  popu- 
lation of  military  age.  It  is  stated  that  of  the  men  who  flocked  to 
the  colours  as  volunteers  a  large  percentage  were  accepted  in  spite 
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of  physical  disabilities  for  which  they  were  invalided  after  a  short 
period  of  training,  and  that  later  came  a  better  handling  of  man- 
power ;  that  those  examined  in  the  period  under  review  included  : 

(1)  Men  from  protected  industries,  such  as  agriculture,  mining, 

shipbuilding  and  munitions,  which  employed  an  abnormally 
high  proportion  of  physically  fit,  who  were  "  combed  out." 

(2)  Men  previously  rejected  when  the  need  was  less  urgent,  who 

were  re-examined. 

(3)  ^len  now  refused  exemption,  owing  to  the  urgent  need  for 

recruits. 

(4)  A  large  proportion  of  lads  who  attained  the  age  of  18  during 

the  year. 

(5)  A  relatively  small  proportion  of  men  between  41  and  51, 

who  became  liable  for  military  service  under  the  Military 

Service  (No.  2)  Act  (April,  1918). 

On  these  grounds  it  is  assumed  probable  "  that  the  men  examined 

'  during  the  year  under  review  may  be  regarded  in  the  aggregate 

'  as  fairly  representing  the  manhood  of  military  age  in  the  country 

' and  that  deductions  founded  upon  the  observations 

'  may  legitimately  be  looked  upon  as  a  trustworthy  criterion  of 
'  the  national  health  of  this  period  "  (p.  5). 

Let  us  examine  this  claim.     The  approximate  stages  through 
which  recruiting  passed  were  : 

Stage  1. — Fit  volunteers  were  taken.     In  the  earliest  period  an 
exceptionally  high  standard  was  required,  this  standard 
gradually  becoming  lower  until  it  merged  into 
Stage  2. — At  this  stage,  it  may  be  admitted,  many  unfit  volunteers 
were  taken,  unless  they  were  obviously  hopeless  as  recruits. 
Stage   3. — ^Men  obtained  under  the   "Derby"    scheme.     This 
must  generally  have  provided  fit  men,  leaving  those  in 
protected  industries  and  those  exempted  by  tribunals. 
Stage  4. — The  earlier  Military  Service  Act. 
Stage  5. — Men  previously  protected  or  rejected,  and  men  between 

41  and  51. 
It  should  be  remembered  that  the  year  under  review  would 
comprise  the  worst  part  of  the  fourth  stage  and  the  whole  of  the 
fifth.  The  first  stage,  in  spite  of  mistakes,  must  have  recruited  an 
exceptionally  high  proportion  of  fit  men.  The  second  would  probably 
have  included  a  good  many  with  physical  disabilities,  but  at  this 
stage  recruiting  was  comparatively  slack,  and  consequently  the 
number  of  men  obtained  was  probably  smaller,  whilst  the  third 
and  fourth  stages  must  again  have  provided  a  large  number  of  fit 
men.  The  fifth  stage  obviously  would  contain  men  of  all  physical 
conditions  and  all  the  rejected  of  the  first  four  stages. 
Of  the  classes  which  the  Report  mentions  : 

(1)  Would  admittedly  be  men  of  good  physical  type,  but  no 
figures  are  given  to  show  what  proportion  these  were  of 
the  numbers  examined. 

VOL   LII.  O 
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(2)  Would  attain  onTr*a  poor^liysical  standard. 

(3)  Would  possibly  be  sligbtly  above  average. 

(4)  Lads  of  eighteen  are  mentioned  as  "  a  large  number",  but 

unless  a  large  proportion  of  men  of  older  ages  were  already 
in  the  forces,  they  would  not  be  so,  comparatively. 

(-5)  Men  of  41  to  51  are  described  as  "  a  relatively  small  pro- 
l^ortion",  but  again  here,  we  have  ten  ages,  seven  of  which 
were  comparatively  untouched  by  previous  recruiting. 

In  the  Regional  Report  for  the  North- Western  Area  there  is  a 
table  (p.  57)  setting  out  the  number  of  men  actually  graded  at  each 
year  of  age  up  to  50.  For  age  18  the  total  is  4,329  ;  for  19  to  40, 
both  inclusive,  the  total  is  10,260,  giving  an  average  of  466  for  each 
age  ;  for  41  to  43,  1,828,  an  average  of  609,  and  for  44  to  50,  9,218, 
an  average  of  1,317.  These  figures  indicate  that. men  of  41  to  51 
quite  outnumbered  the  lads  of  18,  and  also  show  to  what  extent  the 
intermediate  ages  had  already  been  drawn  on  for  recruits.  It  would 
appear  that  the  figures  likely  to  give  the  most  accurate  information 
regarding  the  physical  health  of  the  nation  are  those  pertaining  to 
lads  of  18,  and  men  of  44  to  51.  Even  here  a  true  aggregate  is 
doubtful  in  view  of  voluntary  enlistments  of  those  particularly  fit 
below  and  above  the  normal  miUtary  age  limits. 

In  Chapter  II  is  set  out  a  standard,  on  the  basis  of  the  grades, 
which,  in  the  opinion  of  Professor  Ai-thur  Keith,  the  health  of  the 
general  population  should  attain.  This  is,  in  effect,  that  70  per-cent 
should  reach  Grade  I,  20  per-cent  Grade  II,  7-5  per-cent  Grade  III, 
and  2-5  per-cent  Grade  IV.  The  standard  is  justified  by  comparing 
the  physical  fitness  of  the  population  to  the  stature  of  1,000 
Cambridge  students,  the  mean  stature  being  5  feet  9  inches.  All 
those  5  feet  8  inches  and  over  are  compared  to  Grade  I,  5  feet  7  inches 
and  5  feet  6  inches  to  Grade  II,  5  feet  5  inches  and  5  feet  4  inches  to 
Grade  III,  and  under  5  feet  4  inches  to  Grade  IV.  It  is  obvious 
that  any  arbitrary  ^proportions  in  the  grades  could  be  obtained  by 
drawing  the  limits  at  requisite  points,  and  that  the  standard  thus 
set  up  has  no  true  statistical  basis.  Further,  the  grades  are  weighted, 
again  quite  arbitrarily,  to  obtain  a  percentage  index  of  fitness.  A 
good  criticism  of  Professor  Keith's  standard  is  to  be  found  on  pages 
107-110  by  the  Commissioner  for  the  Yorkshire  and  East  Midland 
Region.  We  are  told  here  that  definite  instructions  were  laid  down 
in  respect  of  59  common  disabilities,  probably  including  75  per-cent 
to  80  per-cent  of  the  total  disabilities  met  with  in  actual  practice 
of  the  Recruiting  Medical  Boards.  Of  these  59,  three  in  each  case 
caused  rejection,  27  excluded  placing  the  men  in  either  Grade  I 
or  Grade  II,  whilst  three  other  disabilities  excluded  placing  in 
Grade  I.  Many  disabilities  {e.g.,  foot  malformations)  would  unfit 
a  man  for  military  ser\dce,  but  not  for  civilian  occupation. 
It  seems  improbable  that  the  curve  for  national  fitness  would 
normall}^  follow  a  symmetrical  distribution,  and  military  require- 
ments as  indicated  above  would  certainly  impart  an  element  of 
skewness.     It  is  indeed  regrettable  that  such  a  standard  is  accepted 


1920.1  Reviews.  183 

as  a  sound  basis  for  comparisons,  instead  of  being  clearly  recognized 
as  an  empirical  one. 

Chapter  III  discusses  the  relations  of  occupations  and  health, 
and  we  are  given  figures  setting  out  the  grading  of  various  occiipations 
in  the  form  of  percentages  (p.  18),  but  no  consideration  is  given  to 
the  bearing  which  the  essentiality  of  the  various  trades  would  have 
had  on  the  men  remaining  in  them.  Those  that  head  the  list  are 
all  occupations  which  must  by  their  nature  employ  a  high  proportion 
of  fit  men,  and  which  were  also  more  or  less  protected,  whilst  the 
unhealthy  ones  at  the  bottom  of  the  list  were  unprotected  trades 
which  would  already  have  contributed  their  fittest  members  to  the 
Army  and  Navy. 

The  last  chapter  of  the  general  section  deals  with  the  causes  of 
low  grading  and  rejection,  but  again  all  comparisons  are  made  on 
the  false  premises  of  Keith's  Standard.  There  is  ample  evidence  of 
a  tremendous  actual  number  of  men  suffering  from  physical  disability ; 
so  many  as  to  convince  one  that  no  effort  should  be  spared  to 
ameliorate  and  improve  conditions  of  Kfe  and  occupations,  but  we 
cannot  attempt  on  the  data  given  to  judge  the  relative  amount,  or 
the  distribution,  either  as  regards  age  or  occupation,  with  respect  to 
the  whole  of  the  male  population  of  the  coimtry. 

One  cannot  help  feeling  that  the  general  section  of  the  Report 
is  too  dogmatic  in  its  conclusions  ;  that  too  much  faith  has  been 
placed  in  Keith's  Standard.  Too  little  consideration  has  been  given 
to  the  disturbing  factors  introduced  by  the  previous  withdrawal  to 
the  Forces  of  fit  members  of  the  community  and  by  military  require- 
ments with  regard  to  physical  fitness. 

Part  II  comprises  the  Reports  of  the  Commissioners  of  Medical 
Services,  concerning  their  respective  Regions.  Most  of  them  are 
decidedly  interesting,  and  though  one  does  not  expect  a  high  standard 
of  statistical  work  one  occasionally  finds  the  figures  set  out  in  good 
style. 

S.  J.  P. 


The  Assessuient  of  Physical  Fitness.     By  Georges  Dreyer,  C.B.E., 
M.A.,  M.D.,  in  collaboration  with  G.  F.  Haxson. 

[Pp.  114.     Cassell  &  Co.,  Ltd.     1920.     10*.  net.] 

With  the  question  of  physical  standards  so  much  to  the  fore,  one  is 
interested  to  note  this  book,  which  aims  at  supplying  medical  men 
and  others  directly  interested  in  the  subject,  with  tables  for  assessing 
the  physical  fitness  of  any  individual,  whether  man,  woman  or  child. 

For  this  purpose  the  respective  relations  to  each  other  of  weight, 
length  of  trunk  {i.e.,  height  sitting),  chest  measurement  and  vital 
capacity  of  the  lungs  have  been  investigated.  It  is  stated  that  they 
may  be  represented  by  formula)  of  the  form  A  =  /.B",  A  and  B  being 
the  weight  or  measurement,  and  /.■  and  n  constants. 

The  explanations  and  examples  are  very  clear  and  one  is  pleased 
to  note  the  insistence  on    the  precision  with  which  weight  and 

o  2 
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measiirements  are  to  be  taken.     Eighty-six  pages  of  tlie  book  are 
devoted  to  tables  giving,  on  the  basis  of  the  formulse  : 

(1)  Weight  from  length  of  trunk. 

(2)  Weight  from  circumference  of  chest. 

(3)  Circumference  of  chest  from  length  of  trunk. 

(4)  Vital  capacity  from  weight. 

(5)  Vital  capacity  from  length  of  trunk. 

(6)  Vital  capacity  from  circumference  of  chest. 

These  are  given  for  males  and  females,  and  on  the  metric  and 
imperial  systems,  making  twenty-four  tables  in  all. 

As  the  tables  state  merely  the  relation  of  one  factor  to  another, 
by  entering  the  tables  with  one  factor,  only  the  deviation  from  normal 
of  a  second  factor  with  regard  to  the  first  is  obtained,  and  for  com- 
pound assessments  the  resort,  in  the  examples,  is  to  the  expedient 
of  simple  averaging. 

The  book  may  prove  of  use  to  anthropologists  for  special  work 
where  the  requisite  data  is  available,  and  possibly  to  life  oflS.ces  for 
confirmatory  purposes  in  assessing  the  abnormality  of  lives  proposed 
for  insmrance.  In  any  event  it  is  an  effort  towards  setting  up  a 
definite  guide  to  physical  standard. 

S.  J.  P. 


CORRESPONDENCE. 


To  the  Edifors  of  the  .Journal  'tf  the  Inst  if  life  of  Actuaries. 

Sirs, — ^AVith  reference  to  Mr.  A.  T.  Traversi's  letter  {J.  I.  A., 
vol.  li,  p.  304),  I  beg  to  make  the  following  observations  : 

The  distinction  which  Mr.  Traversi  makes  between  "rates  "  and 
"probabilities"  has  been  recently  the  subject  of  new  investigations 
which  have  shown  how  the  former,  which  are  not  exactly  the  same 
as  differential  coefficients  or  central  rates,  can  be  based  on  the 
calculus  of  probabilities  instead  of  being  derived  from  an  empirical 
conception  of  the  so-called  "  exposed  to  risk."  They  can  then  be 
identified  with  Karup's  " pure, independent  or  partial  probabilities" 
in  accordance  with  a  definite  hypothesis  as  to  the  distribution  over 
the  years  of  age  of  entrants  and  withdrawals  in  the  experience 
under  consideration  and  as  to  the  instantaneous  rate  of  mortality 
or  as  to  the  prolmbilities  of  death  q{a:  +  t,x+l)  for  the  fractional 
intervals  {x  +  .f,  x+1)  on  the  hypothesis  that  no  other  cause  of 
elimination  takes  place. 

If  AC^)  denotes  the  number  of  individuals  in  the  experience  who 
have  attained  the  exact  age  x,  l{x  + 1)  those  who  enter  on  observation 
at  age  x  +  t,  where  t  may  have  any  value  from  0  to  1,  U(a;-l-/)  those 
who  pass  out  of  observation  by  causes  other  than  death,  and 
q{x  +  t,x+l)  the  above-mentioned  probability  of  death  between 
ages  .>;  +  /!  and    x+l,    so   that    i'il(.''  + /)  =  I;i-,    2jU(,r -I- /)  =  U^   and 
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q{x^  •t+l)=gx)  then  M.^,  the  probable  number  of  deaths  between 
^ges  «  and  a;+  1,  is  evidently  given  by  the  relation 

M^  =  X{x)q^  +  ^ll{x  +  t)q{x  +  f,  X  +  1)  -  :i'jU(.r  +  f)q{x  +  t,  x  +1). 
If  by  way  of  hypothesis  q{x  +  f,  x  +  l)  is  taken  as  =  (l  -t)q^,  then 

</.  =  M,/[A(.r) +  3il(,r  +  0(l  -  0  -  :^UT(.r  + /)(1  - /)]. 

The  denominator  of  this  formula  coincides  exactly  with  the 

exposed  to  risk "  according  to  the  exact-age  method,    and  qx. — 

the  "  rate  "  of  English  actuarial  literature — is  seen  to  be,  from  the 

method  by  which  it  has  been  obtained,  Karup's  "  pure  probability." 

If  the  hypothesis  of  uniform  distribution  is  adopted,  then 
the  infinitesimals  l^dt  and  TJ^dt  are  to  be  substituted  for  l{x  +  t)  and 
U(a;  +  /),  and  the  evaluation  of  the  integrals  with  respect  to  t  between 
the  limits  0  and  1  gives  for  the  denominator  the  exposed  to  risk 
according  to  the  mean  age  method. 

In  addition  to  showing  clearly  to  what  hypothesis  the  usual 
methods  based  on  an  empirical  conception  of  the  "  exposed  to  risk  " 
corres^Dond,  the  foregoing  formulas  show  also  the  evident  coin- 
cidence of  "rates"  with  Karup's  "pure  probabilities"  based  on 
the  indicated  hypothesis. 

On  the  conception  of  pure  probabilities  and  on  their  importance 
in  actuarial  mathematics  an  extensive  literature  exists.  The  subject 
has  been  exhaustively  treated  in  a  few  memoirs  submitted  to  the  7th 
International  Actuarial  Congress,  vol  ii,  p.  327,  et  seq. 

More  recently  the  subject  has  been  fully  developed  in  Italy  in 
connection  with  the  statistical  and  actuarial  application  of  indepen- 
dent probabilities,  especially  in  the  following  papers  : 

F.  Cantelli. — Genesi  e  construzione  delle  tavole  di  mutualitd  in 
"  Bollettino  di  notizie  sul  Credito  e  sulla  Previdenza",  no.  3,  1914  ; 

I.  Messina. — Le  prohabilitd  parziali  nella  matematica  attuaricde, 
nello  stesso  periodic©  no.  4  a  6  del  1915  ; 

F.  Cantelli. — SuU  'applicazione  delle  prohabilitd  parziali  alia 
siatistica,  in  "  Giornale  di  Matematica  finanziaria",  n.  1,  2  e  3  del 
1919. 

With  special  reference  to  the  construction  of  tables  of  mortality 
the  \vriter  has  dealt  with  the  subject  in  a  note  entitled  Costruzione 
e  critica  delle  tavole  di  viortaliid  in  the  "  Giornale  degli  economisti 
e  rivista  di  statistica"  for  December  1917. 

If  the  circulation  and  study  of  the  papers  just  mentioned  had 
not  been  prevented  by  the  war,  Mr.  Traversi  would  not  perhaps 
have  written  his  letter,  since  he  would  have  been  able  to  see  clearly 
how  the  so-called  "  rates  "  of  English  actuarial  literature  can  only 
correspond  theoretically  to  independent  probabilities  in  the  sense 
in  which  Karup  uses  that  term  and  must  be  regarded  strictly  as 
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referring  to  independent*  and  compatible  events  so  that  it  is  quite 
legitimate  to  apply  to  them  Karup's  formula 

just  as,  in  an  experience  subject  to  decrement  b}-  death  and  in- 
validity, the  probability  of  not  dying  or  being  invalided  is  given  by 
the  product  of  the  respective  independent  probabilities  (c/.  H.  A. 
Van  den  Belt's  memoir  in  the  Transactions  of  the  Seventh  Congress). 

It  appears  from  the  above-mentioned  investigations  that 
the  formulas  used  by  T.  B.  Sprague,  when  he  considered  the  two 
decremental  causes  "  death  "  and  "  marriage  "  in  so  far  as  the 
direct  determination  of  pure  probabilities  is  concerned,  involved 
the  employment  of  hypotheses  which  cannot  be  treated  as  mutually 
consistent,  and  this  explains  the  incongruities  produced  by  the 
simultaneous  use  of  Sprague's  formulas  for  the  two  decremental 
causes.  Mr.  Traversi  has  adopted  these  formulas,  and  yet  claims  to 
establish  the  inapplicability  of  (1)  to  the  case  dealt  with  by 
Prof.  Cantelli.  Such  incongruities  have  been  clearly  indicated  by 
this  author  in  the  first  of  the  two  works  referred  to  above. 

I  have  thought  it  usefid  to  submit  these  observations  to  the 
Journal  because,  having  myself  devoted  some  attention  to  the 
subject,  it  seemed  to  me  convenient  not  to  allow  the  points  raised 
by  i\lr.  Traversi  to  pass  without  remark,  as  this  would  tend  to 
re-establish  conceptions  which,  as  the  above-mentioned  have 
shown,  can  no  longer  be  maintained  consistently  with  the  more 
recent  developments  of  actuarial  science,  and  because  it  seemed 
desirable  to  draw  attention  to  published  investigations  which,, 
owing  to  the  war,  may  have  been  unnoticed  outside  Italy. 

I  am,  (fcc, 

GAETAXO  BALDUCCI. 

Miniatyi^  of  the  Treasury,  Rome. 

P.S. — I  am  late  in  commenting  on  Mr.  Traversi's  letter,  but  I 
have  only  recently  seen  the  numbers  of  the  Jour»al  for  1918  and 
1919.  I  may  take  the  opportunity  of  mentioning  that  the  formula 
employed  by  Sir.  Savory  {J.I.  A.,  vol.  li,  p.  65)  for  calculating  the 
excess  of  mortality  due  to  the  war,  namely,  10000(g„^-g',i),  in 
which  q^ja  and  g„  are  central  rates,  is  not  exact  but  is  sufficiently 
aiiproximate  in  view  of  the  numbers  involved. — G.  B. 

*  And  not  therefore  mutualiy  dependent  as  II r.  Traversi  maintains. 
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Examination  for  Admission  to  the  Class  of  Associ.ate 
(Part  I. — Section  A). 

First  Paper. 

1.  The  equations 

3^^-2x--ll.f:+10  =  0 
6.v'^+ll,r-26./--15  =  0 

have  a  common  I'oot.     Find  this  and  hence  solve  compietelj-  the 
first  equation. 

2.  Prove  that  when  x  is  less  than  1  the  product  of 

1  +  mx  +  — ^-; -or  +  — ^ ^ a;  +  ...  to  infinity, 

and   1  +nx+  ^^, —  ^+  -^ ^^ ':r  +  .  .  .  to  mhiuty, 

is  equal  to 

1  +  {m  +  n)x  +  ^ ^^-^-1 .T- 

{in-\-n)(m  +  n-l)(m +  n- 2)   3  ,  .     •   ^    •. 

+  ^ —      ^^ — '-^ 'X  +  ...  to  mfinitv. 

3! 

Find   by   the  use  of  the  binomial   theorem   the  value    of 
6/5 
a/-  to  four  places  of  decimals. 

3.  A  merchant  invests  £100  in  an  enterprise  which  yields  a 
profit,  after  deducting  expenses,  of  20  per-cent  in  the  first  year  and 
33  per-cent  in  each  succeeding  year.  If  he  invests  his  profits  at  the 
end  of  each  year  under  the  same  conditions,  find  an  expression  for 
the  total  amount  invested  at  the  end  of  n  years. 
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4.  If  X  is  less  than  1,  find  the  exiDansion  of  the  following 
expressions  in  ascending  powers  of  x  as  far  as  the  term  involving  x^ : 

^^^   ^-2x+1 
(2)  ^•'-^■^' 

5.  Find  the  sum  of  the  first  n  coefhcients  in  the  expansion  of 
{\+xY{\-o^-\ 

G.  If  a  =  j:'  -  y. 
h  =  ir  -  zx 
c  =  z^  -  xy 
prove  that  a^  +  h^  +  c^  -  '?>uhc  =  ia  +  1  +  c){x  +  ij  +  z){ax  +  Inj  +  r;). 

7.  In  how  many  ways  is  it  possible  to  place  7  people  in  4  rooms, 
so  that  not  more  than  4  are  in  any  room  ?  Any  room  may  be 
empty. 

8.  On  the  average,  out  of  42  births,  21  are  male,  20  female 
and  1  still ;  what  is  the  probability  that  exactly  this  disti'ibution 
will  occur  amongst  the  next  42  births  ? 

9.  There  are  m  candidates  taking  an  examination  paper  of  n 
questions  of  equal  difficulty ;  assuming  that  a  candidate  answers  a 
question  correctly  or  not  at  all,  either  being  equally  likely  : 

{(i)  In     how    many     different     ways     may    a     pajier     1)e 

answered  1 
{}))  How    many    different    sets   of    answered    papers    are 

possible  1 
(c)  What  is  the  chance  that  a  set  of  papers  is  handed  in 

in  which  a  particular  question  is  solved  by  not  more 

than  one  candidate '? 

Seco'/id  I'lipcr. 

1.  If  U(j,  (/-,,  ?/io,  (fij,  be  4  values  of  a  function  at  equidistant 
points,  find  expressions  true  to  third  differences  for  j/^  ^ii^l  "s>  solely 
in  terms  of  «0)  "5)  '^'lo  ^^nd  M]5. 

2.  Given  »y=  -0-500 

»i=  -0-484 
".-.  =      0 
?fo=  +0-256 
fin<l  the  missing  terms. 
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3.  Prove  that 

=  e'-'iuo  +  V  AiAo  +  ?1  A-Ho  +  •••), 
and  hence  find  the  sum  of  the  series 

I  4  94  o4 

^  +  —  +  i [- .  .  .  to  infinitj^ 

II  12       1 3 

4.  Prove'  that,  if  u.t  he  a  function  the  fourth  diflferences  of 
which  are  constant, 

ax       12 

and  hence  find  an  approximate  value  for  —  (logtij  where 

ax 

?;,^-.  =  42-699 

w^-i  =  40-365 

?f^  =  37-977 

"x+i  =  35-543 

if^^o  =  33-075 

5.  (i)  Find  the  nth  differential  coefficient  with  respect  to  x  of 

■r+l 
2or  -  5x  +  3 

(ii)  Differentiate  with  respect  to  x 

,       ^laj^  4-  arx  +  ax'  +  r^ 

log  a/ 7. 7, — 

y       a'  +  ax  +  X 

f        4.r+2  . 

](^c-\)\x-1) 

I  log  ( 1  -  'ir)dx 

\.n\o^,fdx 

7.  If    »i  =  4157,  u.i  =  \v)Vi  and  ?f.i  =  5435,  find  approximately 

I''4  " 

nj,x. 


6.  Evaluate 


8.  In  a  certain  year  K  and  B  were  in  London  for  one  period 
only  in  each  case,  A  for  one  third  of  the  year,  B  for  one  quarter  of 
the  year.     Assuming  that  in  the  case  of  A  any  one  period  of  one 


190  llie  Insiitulc  of  Actuaries.  [Oct. 

third  of  a  year  and  in  the  case  of  B  any  one  period  of  one  quarter  of 
a  year  is  as  likely  as  any  other  period,  find  the  probabilities  that : 

(1)  A  was  in  London  the  whole  of  the  time  B  was. 

(2)  A  and  B  were  not  in  London  at  any  moment  together. 

(3)  A  and  B  were  in  London  at  some  moment  together. 

(4)  A  came  to  London  before  B. 


Examination  for  Admission  to  the  Class  of  Associate 
(Part  L — Section  B). 

1 .  Prove  that  the  total  amount  paid  in  interest  when  a  loan  is 
repaid  by  way  of  a  level  annuity  is  greater  than  when  the  loan  is 
repaid  by  equal  instalments  of  principal,  interest  ])eing  paid  on  the 
balances  outstanding,  but  cannot  l)e  more  than  twice  as  great. 

*2.  If  it  be  given  that  the  value  of  an  annuity  for  n  years  at  an 
unknown  rate  i  is  a,  and  the  value  at  a  known  rate  i'  is  a ,  where  a 
does  not  differ  greatly  from  a,  show  that  approximately 

a  -  a 


a  -  nr    ' 
where  ?-''^+^  is  calculated  at  rate  i'. 

Apply  the  formula  to  find  the  rate  at  which  «i^  =  12. 

*3.  A  loan  of  .£10,000  was  made  at  5  per-cent  per  annum, 
repayable  in  20  years  by  equal  yearly  annuity  payments.  With  the 
10th  payment  of  the  annuity,  a  further  sum  equal  to  the  pi^incipal 
in  the  11th,  12th  and  13th  annuity  payments  is  paid  off,  and  the 
balance  of  the  loan  outstanding  is  to  be  redeemed  in  5  years  by  an 
annuity  calculated  to  jdeld  interest  at  5  per-cent  per  annum  and 
allow  the  replacement  of  capital  at  4  per-cent  per  annum. 

Draw   up   a   schedule    of   repayment?,    shoM'ing    principal, 
interest  and  balance  of  loan  outstanding. 

*4.  A  government  makes  the  following  advances  to  a  dependent 
state  : 

(1)  £500,000  on  1  January  1908,  repayable  at  6  per-cent 

per  annum  by  an  annuity,  to  run  for  25  years,  payable 
quarterly ; 

(2)  £300,000   on  7  April  1910,  at  interest  at  the  rate  of 

7  per-cent  per  annum,  payable  quarterly,  the  principal 
being  repayable  by  annual  instalments  of  £25,000, 
commencing  7  April  1915. 

The  borrowing  state  pays  all  charges  np  to  and  including 
the  annuity  payment  due  1  January  1918,  and  then  defaults. 
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On  1  January  1919  it  is  agreed  to  consolidate  the  loans, 
with  all  arrears  of  interest  then  due,  the  whole  to  be  repaid  by  an 
annuity  payable  half-yearly  for  40  years,  calculated  on  the  basis  of 
interest  at  the  rate  of  7  per-cent  per  annum.  What  will  be  the 
amount  of  the  annuity  ? 


5.  A  sum  of  money  is  iuAested  in  a  stock  bearing  interest  at 
i  per-cent  per  annum,  payalile  half-yearlj^,  and  dividends  are 
invested  in  the  same  stock.  If  the  price  of  the  stock  at  successive 
half-yearly  intervals  is  95,  95i,  96  and  so  on  ;  and  if  income  tax  is 
deducted  at  the  rate  of  6.<;.  in  the  £  in  the  first  year  and  5.s.  in 
the  second,  and  the  cost  of  investment  or  sale  is  i  per-cent,  find 
the  net  efi'ective  rate  of  interest  realized  by  an  investor  if  he  sells 
out  at  the  end  of  two  vears. 


'^Q.  A  company  issued  a  leasehold  assurance  of  £1,000  paj'able 
at  the  end  of  20  years,  at  an  annual  premium  calculated  on  a  3  per- 
cent basis.  Its  expenses  in  connection  with  the  policy  were  10  per- 
cent of  the  first  premium  and  3  per-cent  of  subsequent  premiums. 
The  policy  was  surrendered  just  before  payment  of  the  tenth 
]jremium,  a  surrender  value  of  all  the  premiums  except  half  the 
first  accumulated  at  2^  per-cent  compound  interest  being  allowed. 
The  company  made  a  profit  of  £10  on  the  transaction.  AVhat  rate 
of  interest  did  it  earn  on  tlie  premiums  paid  to  it  ? 

*7.  A  government  issues  a  loan  of  £1,500,000  in  bonds  of 
£1,000  each,  bearing  interest  at  4  per-cent  per  annum,  payable 
half-yearly,  redeemable  in  25  years  by  annual  drawings  as  follows  : 

20  bonds  at  the  end  of  each  of  the  first  five  years 
40  ,,  „  second       ,, 

60  „  „  third 

80  „  „  fourth       ,, 

100  „  „  last 

If  the  price  of  issue  is  such  as  to  yield  the  investor,  on  the 
average,  an  eftective  rate  of  4j  per-cent  per  annum,  find  the  yield 
on  a  bond  drawn  at  the  end  of  the  eleventh  year. 

*  "A  Sliort  Collection  of  Actuarial  Tables"  will  be  supplied  for  use  in 
answering  these  questions. 
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Examination  for  Admission  to  the  Class  of  Associate 
(Part  II). 

First  Paper. 

1.  What  is  a  table  of  mortality'?  A  table  of  mortality  Avas 
once  formed  from  the  number  of  deaths  registered  at  each  age  in  a 
certain  town  daring  a  long  period.  State  briefly  what  conditions 
should  have  existed  in  order  to  justify  the  adoption  of  such  a 
course. 

*2.  A  pension  society  is  recruited  each  year  by  100  new  entrants 
at  age  20.  Each  member  pays  an  annual  premium  in  advance  of  £1 0, 
-and  at  age  60  receives  a  pension  of  £80  per  annum  payable  by 
quarterly  instalments  for  5  years  certain,  and  as  nuich  longer  as  he 
may  live.  The  first  payment  of  the  annuity  is  made  3  nionths  after 
attainment  of  age  60.  In  the  event  of  death  before  age  60  the 
premiums  paid  are  returned  Avithout  interest. 

When  the  membership  of  the  society  reaches  a  stationary 
condition, 

(1)  How  many  members  will  there  be  under  age  60  1 

(2)  How  many  pensions  will  there  be  being  paid  ? 

(3)  What  amount  will  be  returned  each  year  in  the  case  of 

members  dying  before  age  60  ? 

(4)  What  amount  will  l)e  paid  each  year  in  pensions? 

(xive  numerical  answers  assuming  each  year's  entrants 
are  equally  distributed  throughout  the  year,  that  there  are  no 
withdrawals,  and  that  the  mortality  is  in  accordance  with  the 
H^  Table. 

3.  In  the  case  of  three  lives  aged  20,  55  and  65,  the  probability 
that  exactly  one  survives  10  years  is  -121875  and  that  at  least  one 
dies  within  10  years  is  -578125. 

Find  10^^20)  lo^^y.j  and  \QPi\-„  assuming  that  they  are  in 
geometrical  progression. 

*4.  A  society  admits  annually  1,000  new  members  at  age  30  ; 
if,  of  the  entrants  of  any  one  year,  there  retire  at  the  first  and 
subsequent  anniversaries  of  the  date  of  their  admission  lOOii^ao* 
IOO0P30,  IOO32J30,  Jind  so  on,  find  the  average  age  at  death  of  those 
who  die  while  members  of  the  society,  assuming  H^^  Mortality. 

5.  The  probability  that  a  life  aged  20  dies  before  a  life  aged  40 
is  -2697,  the  probability  that  a  life  aged  20  dies  within  10  years 
is  -7320  of  the  probability  that  a  life  aged  30  dies  within  10  years, 
and  the  probability  of  two  lives  aged  20  and  30  dying  within 
10  years  of  each  other  is  -2942.  Find  the  probability  of  a  life 
aged  20  dying  between  the  ages  of  30  and  40. 
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6.  Prove  that 

'-x      ''x  dx 
If  ejc  =  a{c  -  J-)"  fiud  an  algebraic  expression  for  l^. 

7.  It  has  recently  been  stated  that  Indian  mortality  can  be 
represented  by  the  equation  /x'j;  (Indian)  =  ^a;+o  (H'^)+  01-5,  and 
that  this  relationship  enables  the  31^  per-cent  annuity-values  based 
on  this  heavy  mortality  to  be  represented  by  using  H""  annuity- 
values  at  5  per-cent  interest  with  an  addition  of  6  years  to  the  age. 
Taking  the  assumption  as  to  mortality  to  be  justified,  do  you  agree 
that  the  deduction  as  to  the  use  of  the  annuity- A^alues  is  correct  ? 
If  not,  indicate  the  nature  of  the  approximation. 

For  the  purposes  of  your  answer  you  may  assume  that  the 
H'^^  Table  follows  Makeham's  law. 

*  "  A  Short  CoUectioa  of  Actuarial  Tables "  will   be  supplied  for  use  in 
answering  these  questions. 

Second  Paper. 

'^1.  Assuming  an  uniform  distribution  of  deaths,  find  the  value 
of  U4'"'. 

Find  the  value  of  (f[:l^]+o  on  the  basis  of  O'^^^  Mortality  with 
3  percent  interest. 

*2.  Find  the  annual  premium,  by  the  H'^^  3  per-cent  Table,  for 
a  ■20-year  joint  life  endowment  assurance  on  two  lives  aged 
30  and  40. 

3.  Show  how  the  value  of  an  annuity  on  m  joint  lives  may  be 
calculated  by  the  substitution  of  a  single  life  combined  with  a 
change  in  the  rate  of  interest,  when  the  mortality  table  follows 
Makeham's  law. 

If  logio<^  =  "03966  and  logio-5=  -  -0026,  what  age  and  rate  of 
interest  would  you  employ  to  find  the  value  of  G50 : 3.3  at  3  per-cent 
interest  ? 

4.  If  there  are  two  life  tables  (A)  and  (B)  such  that  the  force 
of  mortality  by  one  is  «i  -f  hic'  and  by  the  other  a^,  +  b.^c^,  show  that 
the  present  value  of  a  joint  life  annuity  aj.,j  where  x  is  an  (A)  life 
and  «/  a  (B)  life  can  be  found  by  substituting  two  lives  of  equal  age 
one  from  each  table. 

If  y  be  the  elder,  -^  =  1  -f  r  where  r  is  small,  (?  =  deduction 
''1 
to  be  made  from  y  to  obtain  the  equal  age,  and  8  =  deduction  to  be 
made  from  y  to  obtain  the  equal  age  if  both  lives  were  either  (A) 

or  (B)  lives,  prove  that  d-  6=  -  (l  -  c*)/logeC  approximately. 
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5.  Given  a  table  of  values  of  /,.  how  would  you  calculate  and 
check  a  table  of  net  single  premiums  for  pure  endowments 
maturing  at  quinquennial  ages  for  all  ages  at  entry  ? 

6.  In  two  tables,  A  and  B,  the  rates  of  mortality  are  similar 
for  ages  x  to  x  +  n,  but  in  A  the  rates  are  higher  l)oth  l^elow  age  x 
and  above  age  x  +  n. 

Compare  the  policy  values  Ijy  these  tables  for  endowment 
assurances, 

(1)  At  age  X  for  policies  maturing  at  age  .r -t- 7i  taken  out 

before  age  x. 

(2)  At  age  :/;  +  n  for  policies  maturing  after  age  x  +  n  taken 

out  at  age  x. 

7.  Confirm  or  correct  the  right-hand  side  of  each  of  the 
following  equations,  giving  a  reason  for  your  answer  from  first 
l^rinciples  : 

Lt.    Ijdx+h  Tit  —  (ix.Tt\\       s     -    ^  ,        -    _      T 

*  "A  Short  Collection  of  Actuarial  Tables"  will   be  supplied   for  use  in 
answering  these  questions. 


Third  Pajjer. 

*l.  A  whole  life  assurance  for  £500  was  taken  out  at  age  25  and 
has  been  20  years  in  force.  There  is  a  reversionary  bonus  of  £180 
attaching.  The  assured  desires  to  surrender  a  part  of  the  bonus  to 
effect  the  alteration  of  the  policy  to  an  endowment  assurance  at 
age  65.  If  the  annual  premium  which  remains  the  same  Ijefore  and 
after  alteration  be  £10.  lOs.,  what  portion  of  the  bonus  must  be 
surrendered  ?    Use  the  H^^^  3  per-cent  Table. 

2.  An  office  which  charges  an  extra  premium  of  10s.  per-cent 
per  annum  on  the  sum  assured  for  a  certain  climate  risk  in  the  case 
of  annual  premium  policies  proposes,  in  the  case  of  single  premium 
policies,  to  charge  the  equivalent  of  an  annual  extra  premium  of 
10s.  per-cent  on  the  difference  between  the  sum  assured  and  the 
single  premium.  Discuss  the  eijuity  of  this  arrangement  on  the 
basis  of  net  premiums,  ignoring  questions  of  loading  and  bonuses. 

3.  Under  the  "extended  term"  system,  if  payment  of 
premiums  l>e  discontinued  after  an  endowment  assurance  has 
been  in  force  any  number  of  years  in)  the  policy  remains  in 
force  as  a  term  assurance  for  the  full  sum  assui-ed  for  such  a  term 
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as  the  value  permits,  or  if  the  value  be  more  thau  sufficieut  to  carry 
the  term  assurance  up  to  the  age  when  the  endowment  assurance 
matures  the  balance  of  the  value  is  applied  to  provide  a  sum  E, 
payable  at  maturity.  How  would  you  calculate  a  table  of  the 
values  of  E  on  a  net  H**^  .3  per-cent  basis  for  endowment  assurances 
maturing  at  age  'SI  for  all  ages  at  entry  1 

"^4.  Find  the  net  annual  ])remium  diminishing  by  one-fifth 
each  year  for  a  deci'easing  term  assurance  for  £100,000  diminishing 
by  one-fifth  each  year  on  a  life  aged  -tS  by  the  O'^"^  3  percent 
Table. 

*5.  Two  partners,  A  aged  -30  and  B  aged  3.5,  effect  a  joint  life 
assurance  for  .£1,000  at  an  annual  premium  of  £33  ;  each  partner 
agi'ees  to  pay  one-half  of  the  annual  premium,  the  sum  assured  being 
payable  to  the  surWvor. 

At  the  end  of  30  years,  B  wishes  to  sell  his  interest  in  the 
assurance  to  A. 

Calculate  the  sum  that  X  should  pay,  on  the  basis  of  Carlisle 
mortality  with  interest  at  3  per-cent  per  annum,  and  prove  the 
accuracy  of  your  calcidation. 

*6.  Find  the  single  premium  by  the  Carlisle  3  per-cent  Table 
for  an  annuity  of  1,  to  commence  on  the  death  of  a  man  aged  30, 
payable  for  ten  years  certain  and  as  much  longer  as  his  wife  now 
aged  30  shall  live.  The  annuity  is  to  be  payable  by  monthly 
instalments,  the  first  instalment  being  paid  at  death.  Assume 
iqPsq=  -9  on  the  Carlisle  Table. 

7.  An  office  grants  whole-life  assurances  at  weekly  premiums 
which  terminate  when  the  lives  assured  attain  the  age  of  65  years, 
proA-ided  the  policies  have  then  been  20  years  in  force  or  so  soon 
after  attaining  age  65  as  20  full  years'  premiums  have  been  paid.  The 
policies  provide  that  20  per-cent  of  the  premiums  paid  shall  be  added 
to  the  original  sums  assured  when  they  become  claims.  Deduce 
practicable  formula;  for  the  sums  assured  to  be  granted  at  age  .r  next 
birthday  per  weekly  premium  of  6^/.,  showing  them  separately  for 
x<46  and  cOio. 

You  may  assume  that  the  office  premiums  are  loaded  with  a 
percentage  Jc,  and  a  constant  c,  and  that  the  entries  are  equally  spread 
over  years  of  life. 

*  "A  Short  Collection  of  Actuarial  Tables"  will  be  supplied   for  use  in 
answering  these  questions. 
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Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III. — Section  A). 

First  Paper. 

1.  Describe  a  method  of  obtaining  select  rates  of  mortality 
from  the  experience  of  a  life  assurance  company,  and  show  how 
you  would  obtain  aggregate  rates  of  mortality.  State  how  you 
would  deal  with  the  following  cases,  mentioning  what  date  you 
select  for  termination  in  case  (3). 

(1)  Entered  15  January  1917,  withdrew  15  Xovember  1917, 

born  17  July  1877. 

(2)  Entered    15  January   1917,  died  15    November   1917, 

l:)orn  17  January  1877. 

(3)  Entered   15  July  1917,  existing  on  date  when  observa- 

tions terminated,  born  17  January  1877. 

Note. —  Symbols,  if  used,  must  he  fully  defined. 

2.  Define  the  '  standard  death  rate."  Discuss  the  limitations 
of  the  standard  death  rate  as  a  method  of  comparison  of  the 
mortality  of  A^arious  places,  giving  a  hypothetical  example  for  the 
four  ages  30,  45,  60  and  75  to  illustrate  your  argument. 

3.  The  rules  of  a  friendly  society  provide  (l)  for  5  months'  full 
benefit  and  reduced  benefits  thereafter,  and  (2)  that  illnesses  not 
separated  by  a  minimum  period  of  10  months  are  treated  as 
continuous  in  interpreting  (l). 

A  man  born  8  July  1884  had  the  following  illnesses : 
Fell  111.  Recovered. 

12  June  1909  15  November  1909 

30  March  1910  30  May  1910 

20  November  1910  1  May  1911 

15  June  1912  13  July  1912 

Use  this  example  to  show  how  illnesses  would  be  treated 
in  getting  out  rates  of  sickness  from  the  experience  of  the  friendly 
society,  stating  clearly  how  j^our  assumed  ages,  durations,  &c., 
would  be  calculated  and  how  the  rates  of  sickness  would  be 
obtained. 

4.  What  mortality  tables  have  been  published  based  on  the 
1911  Census,  and  what  are  their  distinctive  features?  Give  a  short 
account  of  the  methods  of  construction  adopted  in  respect  of  any 
one  of  these  tables. 

5.  The  rates  of  mortality  in  the  following  table  are  to  be 
graduated.  Show  how  to  ai)ply  a  summation  formula,  giving 
formula  and  columns,  and  obtain  one  graduated  rate.     What  would 
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be  the  effect  of  successive  summing  in  groups  Avithout  making  any 
adjustment  ? 


Rate 

Hate        1 

Age 

per  10,000 

Age 
36 

iwr  10,000 

25 

62 

77 

•1^ 

52 

37 

66 

27 

47 

38 

84 

28 

40 

39 

65 

29 

85 

40 

101 

30 

47 

\         41 

73 

31 

33 

42 

65 

32 

56 

1         *3 

84 

33 

60 

44 

38 

34 

43 

45 

100         : 

35 

TO 

46 

H4 

Second  Paper. 

1.  What  were  the  methods  employed  by  Dr.  Sprague  in 
constructing  his  marriage  and  mortality  tables,  and  what  alternative 
method  can  be  adopted  in  constructing  tables  subject  to  double  or 
treble  decrements  1 

'2.  Give  a  brief  account  of  the  graphic  method  of  graduation. 
In  what  circumstances  would  you  advocate  its  use,  and  why? 
What  are  its  main  disadvantages  ? 

3.  Give  a  short  account  of  the  Manchester  Unity  Sickness  and 
Mortality  Experience,  1893-1897,  and  indicate  its  distinctive 
features.  Explain  why,  in  calculating  the  ''  exposed  to  risk  of 
sickness  ",  the  persons  dying  in  each  year  of  age  were  assumed  to  be 
at  risk  until  the  middle  of  the  year. 

'^l.  The  following  is  a  summary  of  the  claim  experience  of  a 
friendly  society  in  respect  of  a  certain  disease  : 


Ages 

Duration  of 
Claims  in  weeks 

Xunibcr  of 

Years 

of  Exposure 

to  Risk 

20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 

1,112 

1.908 

1.475 

1,125 

760 

3S0 

40 

16,200 
46,800 
37,440 
28,440 
27.540 
14,040 
6,660 
2,880 

6,800 

180,000 

Obtain  by  the  graphic  method  the  curve  representing  the 
rate  of  sickness. 
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t5.  How  would  j'ou  make  a  general  comparison  between  two 
tables  of  mortalitv  1  Illustrate  your  method  so  far  as  possible  from 
the  H*^  and  0^"^'"^^  Tables. 

6.  Which  of  the  graduations  given  below  do  you  prefer,  and 
•why  1     Can  you  suggest  Avhat  methods  of  graduation  were  used  ? 


Age 
Groups 

Exposed 
to  Risk 

Deatlis 

Rates 

OF  Mortality 

Ungraduated 

Graduated 

I 

II 

1st 

500 

8 

•016 

•0200 

•0:^40 

2nd 

1,000 

21 

•021 

•0200 

•0190 

3rcl 

4,000 

80 

•020 

•ul82 

•0150 

4th 

13,000 

143 

■Oil 

•0125 

•0120 

5tli 

20,000 

160 

•008 

•0096 

•0099 

6th 

30,000 

300 

•010 

•0097 

•0098 

7th 

32,000 

320 

•010 

•0100 

•0101 

8th 

32,000 

384 

•01:^ 

■0108 

•0105 

9th 

30,000 

330 

■Oil 

■0112 

•0112 

10th 

21,000 

252 

■012 

•0122 

■0122 

11th 

17,000 

238 

•014 

•0130 

•0135 

12th 

7,000 

77 

■OH 

■0138 

•0151 

13th 

3,000 

45 

■015 

■0152 

•0169 

14th 

1,500 

30 

■020 

■0195 

•0192 

]5th 

500 

11 

■022 

•0230 

•U217 

7.  To  what  extent  may  osculatory  interpolation  be  made  use 
of  in  the  construction  of  life  tables  ?  To  what  class  of  table  and  to 
what  function  would  you  apply  the  method  and  what  advantage 
does  it  give  ? 

*  Sheets  of  cross-ruled  paper  will  be  supplied  for  use  in  ans-n-ering  this 
question. 

•|"  "  A  Short  Collection  of  Actuarial  Tables  "  will  be  supplied  for  use  in 
answering  this  question. 


Examination  for  Admission  to  the  Class  of  Fellow 
Part  III. — Section  B. 


First  Faper. 

1.  It  is  desired  to  obtain  by  means  of  Lidstone"s  method  the 
expected  claims  and  strain  among  endowment  assurances  in  a  year. 
Give  the  various  headings  to  the  columns  in  the  schedule  you 
would  employ  to  obtain  this,  indicating  shortly  how  the  tigiu'es  in 
these  columns  should  be  used. 
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2.  As  a  method  of  valuing  endowment  assurances  it  has  been 
suggested  that  the  same  age  at  maturity  should  be  assumed  for  all 
policies  and  that  net  premiums  and  other  ^'aluation  factors  should 
be  based  on  that  assumed  a.ge  at  maturity. 

What  processes  would  you  employ  in  applying  the  suggested 
method  to  the  Aaluation  of  the  with  profit  business  of  a  company, 
so  as  to  eliminate,  as  far  as  possible,  likely  errors  1 

"NATiat  do  you  consider  the  advantages  of  and  the  olijections 
to  the  use  of  the  method  1 

3.  The  investigation  into  the  incidence  of  the  premium  income 
of  a  life  assurance  office  shows  the  undernoted  results.  What 
annuity- values  would  you  use  in  consequence  of  these  results  in 
valuing  («)  whole-life  and  endoAvment  assurance  policies  classified  in 
^•oups,  and  {b)  policies  which  have  to  be  valued  individually  ? 

Distribution  of  renewal  premium  income. 


Preminms  due 

Amount 

Premiums  due 

Amount 

15  January 
15  February 
15  March 
15   April 

15  May              

15  June 

50 

50 
60 
50 
50 
70 

lo  July 

15  August 

15  September   .  . 

15  October 

15  November   ... 

15  December    ... 

£      , 
60 
60 
90     I 

100    : 

130     i 
230 

£1,000 

4.  A  life  oifice  with  a  discounted  bonus  scheme  declares  a 
bonus  less  than  the  rate  of  bonus  discounted.  How  should  policies 
under  that  scheme  be  treated,  and  ho\\'  would  you  calculate  the 
requisite  increase  in  premium  if  the  policyholders  have  an  option  of 
pajdng  an  increased  premium  in  place  of  having  the  sum  assured 
reduced  1  Differentiate  if  necessary  between  whole-life  and  endow- 
ment assurance  policies  and  discuss  what  difference  it  would  make 
if  the  bonus  discounted  is  a  compound  reversionary  bonus  in  place 
of  a  simple  reversionary  bonus. 

5.  Describe  the  various  methods  commonly  employed  to  prevent 
forfeiture  of  policies  on  the  non-payment  of  the  premiums,  and  state 
how  you  Avould  deal  with  such  policies  at  a  valuation. 

6.  Draft  the  headings  for  a  class  book  and  explain  in  detail  the 
method  of  valuation  you  would  adopt  in  dealing  Avitli  a  large 
numl;)er  of  immediate  annuities,  some  payal)le  half-yearly  and  some 
quarterly,  most  of  the  annuities  being  apportionable  but  some  being 
non-apportionable. 

7.  An  office  has  issued  a  number  of  endowment  assurance 
policies  ijrovicling  for  cessation  of  premiums  during  invalidity. 
How  would  you  deal  with  these  in  a  valuation  ] 

p  2 
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Second  Paper. 

1.  An  office  has  for  a  nuniLer  of  years  past  been  valuing  on  the 
0^  3  per-cent  Table  and  has  been  distributing  profits  l^y  a  modified 
contribution  method,  surplus  interest  l^eing  di-snded  in  proportion 
to  the  reserves  held  at  beginning  of  quinquennium  and  the  balance 
of  profit  being  divided  in  proportion  to  ordinary'  premiums  paid 
during  quinquennium.  In  order  to  meet  a  heavy  depreciation  in 
securities  the  valuation  basis  is  changed  to  0**  3i  per-cent.  Losses 
have  been  sustained  owing  to  war  mortality,  but  apart  from 
depreciation  the  trading  profits  of  the  quinquennium  have  been 
normal,  the  loss  on  mortality  having  been  made  up  from  inci-eased 
interest  and  profit  on  lapses  and  surrenders. 

Explain  how  Avould  you  deal  with  the  surplus  disclosed  on 
valuation,  giving  reasons  for  your  decisions. 

2.  In  valuing  the  liabilities  for  non-profit  policies,  an  office 
charging  premiums  that  are  lower  at  most  ages  than  the  valuation 
premiums  takes  credit  for  full  oflSce  premiums.  It  does  a  large 
amount  of  non-profit  business  for  several  yeais  and  then  its  new 
business  falls  ofi',  the  decrease  being  entirely  on  the  non-profit 
business.     What  will  be  the  effect  on  the  surpluses  1 

3.  What  objects  should  be  kept  in  view  in  devising  a  con- 
tinuous method  of  classification  ? 

Describe  in  detail  the  working  of  the  method  which  you 
recommend,  and  state  your  views  as  to  the  desirability  of  abandon- 
ing valuation  class-books  in  favour  of  the  card  system  of 
classification. 

4.  Explain  concisely  how  you  would  value  the  folloAving  special 
classes  of  policies  : 

(a)  Double  endowment  assurances  ; 

{h)  Endowment  assurances  carrying  a  guaranteed  bonus  of 
X  per-cent  of  the  office  premiums  paid,  accumulated  at 
compound  interest  at  the  valuation  rate  and  payable 
as  a  reversionary  addition  to  the  sum  assured. 

If  alternative  methods  are  suggested,  state  which  of  the 
methods  you  prefer,  and  on  what  grounds. 

5.  An  old-established  industrial  company  has  on  its  books  a 
large  number  of  policies  effected  at  weekly  premiums  on  the  lives  of 
infants,  the  sum  assured  increasing  on  the  usual  sliding  scale  both 
with  the  age  at  entry  and  the  duration,  until  at  age  1 1  the  full  sum 
assured  under  the  ordinary  adult  table  is  payable.  On  what  bases 
would  you  calculate  the  reserves  for  such  policies  in  practice  before, 
and  after,  the  attainment  of  age  1 1  by  the  child  ? 
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6.  An  office  making  annual  valuations  wishes  to  compare  the 
actual  with  the  expected  claims  and  strain. 

Describe  the  method  you  would  adopt  in  practice  in  making 
such  an  investigation  and  indicate  to  what  extent  your  results  would 
be  approximate  and  the  direction  of  the  error  involved. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  IV.— Section  A). 

First  Paper. 

1.  What  are  the  special  provisions  in  the  Assurance  Companies 
Act,  1909,  as  to  policies  issued  or  to  be  issued  by  collecting  societies 
or  industrial  assurance  companies  ? 

2.  Describe  briefly  the  returns  under  Schedules  I,  II  and  III 
of  the  Assurance  Companies  Act,  1 909,  which  have  to  be  prepared 
by  a  life  assurance  company. 

3.  What  particulars  have  uqw  to  be  furnished  to  the  Board  of 
Trade  in  respect  of  employers'  liability  business] 

State  in  what  manner  the  liabilities  of  a  company  are 
affected  by  the  recent  change  in  the  Government  rates  of  life 
annuities. 

4.  It  is  desired  to  transfer  to  a  proprietary  fire  and  life  office 
the  business  of  a  proprietary  company  transacting  life  assurance  and 
employers'  liability  insurance. 

State  clearly  the  procedure  to  be  adopted  : 

(i)  Before  the  transfer  ;  and 

(ii)  After  completion  of  the  transfer. 

Is  it  now  possible,  and  if  so  under  what  conditions,  for  the 
business  of  one  insurance  company  to  be  acquired  by  another 
without  the  Court's  consent] 

5.  State  the  present  position  of  a  registered  friendly  society 
with  reference  to  : 

(a)  Liability  for  income  tax  ; 

{h)  The  limiting  amount  for  which  it  may  issue  assurance 
and  annuity  contracts  ; 

{c)  The  selection  of  new  investments. 

In  what  circumstances  may  a  friendly  society  be  converted 
into  a  mutual  assurance  company  ] 
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6.  lu  the  case  of  policies  with  limited  premiums,  it  is  generally 
a  condition  that  in  lieu  of  surrender  value  a  proportionate  paid-up 
policy  may  be  granted,  depending  on  the  relation  between  the 
number  of  jiremiums  paid  and  the  maximum  number  of  premiums 
payable.  Discuss,  from  an  actuarial  standpoint,  whether  this 
practice  is  justified.  What  considerations  have  in  practice  to  be 
borne  in  mind  when  quotations  for  surrender  value  are  given  ? 

7.  In  what  respects  do  you  consider  that  the  Assurance 
Companies  Act,  1909,  so  far  as  it  is  concerned  with  life  assurance 
companies,  might  advantageously  be  amended  ?  Deal  specially  with 
the  provisions  of  the  Act  in  reference  to  : 

(a)  Foreign  companies  transacting  business  in  this  country  ; 

(Jj)  Industrial  assurance  companies  : 

(c)   Amalgamations  and  transfers  ; 

id)  Annual   and    valuation    returns   as   prescribed    in    the 
schedules. 

8.  State  the  provisions  of  the  Friendly  Societies  Act,  1896,  with 
reference  to  the  preparation  and  filing  of 

(1)  Annual  returns,  and  (.2)  quinquennial  valuation  reports 
or  returns. 

Give  an  outline  of  the  information  required  to  be  stated  by 
the  valuer  in  his  valuation  report. 

Second  I'tiper. 

"^l.  Under  the  will  of  his  grandfathei^  A,  aged  40,  is  entitled 
as  tenant  in  tail,  expectant  on  the  death  of  his  father  B, 
aged  65,  to  a  certain  estate.  A  has  created  a  base  fee  and 
covenanted  to  enlarge  into  a  fee  simple  on  coming  into  the  estate. 
He  wishes  to  raise  £3,000  to  be  secured  by  a  reversionary  charge. 

The  estate  consists  of  3,000  acres,  Avith  a  rental  of  £2,600 
and  outgo  for  tithe,  rates  and  land  tax  of  £280,  and  was  valued 
10  years  ago  at  £60,000.  B  has  appointed  a  jointure  in  favour  of 
his  wife,  aged  62,  of  £700  a  year,  and  A  has  already  granted 
reversionary  charges  amounting  to  £18,000. 

Value  A's  interest,  and  state  whether  and  on  what  con- 
ditions you  would  gi-ant  him  the  £3,000  he  requires. 

*2.  Apportion  the  following  fund  between  the  life  tenant,  a 
male  aged  63,  and  the  reversioner. 

What  shares  should  be  allotted  to  each  : 

(.a)  On  the  assumption  that  both  desire  the  partition  ; 
{h)  If  the  partition  is  at  the  request  of  the  life  tenant  ? 
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Fund :  £2,000  5  per-ceiit  "War  Bonds,  1927  ; 

■£150  Madras  Railway  B  Annuity,  1956  ; 

£2,000  Canada  3  per-cent  Stock,  1938  ; 

Leasehold  premises,  having  60  years  to  run,  let  at 
£150  per  annum,  with  ground  rent  £20  per  annum. 


'^'S.  A,  a  widow  aged  65,  is  entitled  to  a  life  interest  in  one- 
fourth  of  the  following  funds,  determinable  on  remarriage  : 

£5,000    Great   Western  Railway  5  per-cent   Irredeemable 
Debenture  Stock ; 

£2,000  Midland  Railway  2i  per-cent  Debenture  Stock  ; 

£3,000  Great  Eastern  Railway  4  per-cent  Debenture  Stock. 

B  is  entitled  to  an  interest  in  another  one-fourth  during  A's 
life  or  until  her  remarriage,  and  an  absolute  reversion  expectant  on 
A's  death  or  remarriage  to  one-half  of  the  funds. 

Value  As  and  B"s  interests  separately,  and  say  how  much 
you  would  advise  lending  to  them  jointly? 

State  clearly  what  policies,  if  any,  you  would  consider  it 
necessary  to  effect. 


•i.  What  tables  are  generally  used  in  the  practical  valuation  of 
reversions  and  life  interests  ?  Say  which  you  would  employ  at  the 
present  time  and  give  reasons.  What  circumstances  or  special 
features  would  influence  you  in  any  particular  transaction  in 
arriving  at  the  rate  of  interest  to  be  employed  1 

Give  a  formula  for  valuing  a  contingent  life  interest  to  X 
after  the  death  of  Y,  and  say  what  class  of  policy  would  be  required. 


5.  A  sum  of  money  is  required  on  security  of  a  reversionary 
life  interest  commencing  at  the  death  of  a  female  aged  71,  the 
funds  consisting  of  trustee  securities,  valued  at  the  present  time  at 
£50,000  and  producing  an  income  of  £2,250  per  annum  gro.ss. 

The  reversioner,  a  male  aged  iQ,  is  now  uninsurable,  but 
offers  existing  whole  life  without  profit  policies,  already  in  force, 
for  £25,000  at  annual  premiums  amounting  to  £1,100  as  part 
security. 

Say  whether  you  would  deal  with  such  an  application,  and 
if  so,  whether  by  way  of  loan  or  otherwise,  and  why.  Discuss  the 
limits  of  such  an  advance  and  state  in  what  directions  you  would 
require  to  be  satisfied  before  completing  the  transaction. 
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'"^6.  A.B.,  aged  25,  is  entitled  to  : 

(i)  The  life  interest  in  the  income  from  the  undermentioned 
fund  during  the  joint  lifetime  of  his  mother,  aged  60, 
and  himself  ;  and 

(ii)  The  contingent  reversion  to  the  fund  expectant  on  his 
mother's  death,  if  he  be  then  living. 

What  is  the  market  value  of  A.B.'s  interests,  if  ofl'ered  for 
sale  together,  and  what  amount  and  description  of  assurance  should 
be  effected  1 

Fund  :  £5,000  5  per-cent  War  Loan,  1929-47  ; 

£3,000  Mortgage  of  Freeholds  in  the  City  of  London, 
carrying  interest  at  5^  per-cent  per  annum. 


*  "A  Short  Collection  of  Actuarial  Tables"  will  be  supplied  for  use  in 
answering  these  qiiestions. 
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EDVfkRV  Harold  Brown. 
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Thomas  Percy  Thompson. 
Sidney  Turner. 


Examination   for  Admission  to  the  Class  of  Associate 
(Part  L — Section  A). 

First  Paper. 

1.  During  a  railway  strike  three  men,  living  iu  the  same  street, 
set  out  for  the  Bank.  A  walks  at  4  miles  an  hour,  B  gets  a  lift  in  a 
cart  for  part  of  the  distance  and  walks  the  rest  at  2  miles  an  hour, 
and  C  bicycles  at  10  miles  an  hour.  They  start  at  equal  intervals 
and  arrive  together.  B  passes  A  when  he  has  gone  two-thirds  of 
the  way,  5  minutes  after  C  has  left  home. 

Find  the  distance  they  have  to  go,  the  speed  of  the  cart, 
and  how  far  it  took  B. 
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2.  Solve  the  equations 

(1)  .r  +  r  =  5 

Ul  =  i 

X       y      2 

(2)  X-  -yz=  

X 

■2      __  c  -a 

y 

•>              a  -  h 
z  -xy=  

z 

3.  Prove  that 

111  -,«  ,         ,.2  .8 


.'+^+12  "■iS^"-'"" 


for  all  values  of  x. 


,  X        X'        X  , 

l+-7  +  r-  +  -.+...t0X 

1        2       |3 


1 3  q3  q3 

Find  the  sum  of    , — hf'+^ — h...toxi 
12       ^ 


,    r^  J.^    ^     /tvts       \^     xT         -''^N       approximately,   if  x  is 

4.  Prove    that     (N'^  +  ^')'^  =  X+ — -r —     ^'  •" 

SN"*  +  X 

small  compared  with  N^. 


In    what    place    of    decimals    Avill     (lOOl)^    differ    from 


3001 


5.  If 


f(.\—,.5      a^(.T  -  ^/)C'':  -  c)      b'^jx-  c){x  —  a)       c'jx  -  a)ix  -  h) 
~  {a-b){a-c)         {h-c){b-a)         {c  -  a){c  -  b) 

show    that    {x-a){x-b){x-c)    are    factors   of    f{x)    and   find    the 
quotient  when  fix)  is  divided  by  (.r  -  a){x  -  b){x  -  c). 

6.  Find  whether  the  series  whose  general  terms  are  as  follows 
are  convergent  or  divergent : 


(1)    v^7r  +  1  -  \'/r  -  1 
n  +1 


(3)    -^ 
n-  -y 
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7.  A  purse  contains  four  half-crowns,  three  pennies  and  two 
shillings.  Four  coins  are  drawn  at  random.  How  many  different 
sums  can  these  amount  to,  and  what  is  the  most  probable  sum  ? 

8.  A  and  B  play  a  match  of  5  games.  A's  chances  of  winning, 
drawing  and  losing  any  game  are  in  proportion  to  3,  2  and  1 
respectively  ;  2  points  are  scored  for  a  win  and  1  for  a  draw.  What 
is  the  chance  that  the  match  is  drawn  ? 

9.  A,  B,  C  and  D  each  throw  two  dice  for  a  prize.  The  highest 
throw  wins.  If  equal  highest  throws  are  thrown  by  two  or  more 
players  those  players  continue  the  contest.  A  throws  10.  What 
is  his  chance  of  winning  the  prize  ? 


Second  Paper. 

1.  Given  ?fo=l»S76,  v.i  =  177,  ^3=19,  and  %=-218, 
interpolate  the  values  of  ?/o,  u^,  and  1*5,  and  find  the  values  of  r  for 
which  iix  is  a  maximum  or  minimum. 

2.  Prove  that 

q,(  J.    I   \ 

l^  : !/  =  llv  ■■  0  +  ^'Ax^'ll  :  U  +  V^ijUo  :  0  +  '-^ ^1^0  :  0 

+  ^^^ —  ^^^'o :  0  +  xy^x^Uo :  0  approximately. 

Given  ?<o:0)  "^h-.i,  «o:2)  '>h:o,  "i:1j  u-i-o,  can  you  suggest 
another  method  of  approximating  to  Uj::^,  not  necessarily  using 
all  the  data  1 

3.  Establish  the  relation  between  the  operators    -  and  A. 

(U 

Show  that  -J*  =  ,  {ri^+h  -  Ux-h)  -  .7  iux+2k  -  "x-2a) 
ax       h  2/1 

•t-  ^  V(x+3h  -  Ux-3h)  -  •  .  . 

4.  Find  —7,  iu  terms  of  differentials  with  regard  to  ;/; ;  u  and  v 
dv 

being  functions  of  ,'•.     Find  the  second   differential  coefficient  of 
x+  vl  +a;''  Avith  regard  to  x-  vl  +or. 


5.  Prove   that   the    first   three   terms    of     the    expansion    of 

11   ,     vz  ■  c  ex  ,   11     o 

U  +X)-'  in  powers  or  ;'•  are  e eo:  . 

o       24 
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6.  Evaluate     (l)    /  J^ir  +  2axdx 


(2) 


[a  -  X  )- 
loR'  xdx 


/o\    /  log  xdx 

J    /"log* 

7.  Find  the  value  of  —  /  e''^'J.i;  where  t  is  inclepeudeut  of  x, 

(itJ  0 

8.  Explain  the  meaning  of  the  expression      f(^r)dx. 

J  a 

In  a  certain  industry,  the  number  of  men  employed  decreases 
at  a  rate  proportional  at  any  moment  to  the  number  employed  at 
that  moment,  and  the  output  per  man  increases  at  a  constant  rate. 
Find  an  expression  for  the  total  output  in  ten  years,  if  t.he  numbers 
employed  at  the  beginning  and  end  of  the  period  are  N,,  and  Xk, 
respectively,  and  the  output  per  man  during  the  first  and  tenth 
years  Aj  and  A]o  respectively. 


Examination   for   Admission   to  the   Class   of  x\ssociate 
(Part  I. — Section  B). 

"A  Short   Collection   of   Actuarial    Tables"  will   be   sui^plied   for   use  in 
answei'ing  this  Paper. 

1.  Explain  what  is  meant  by  an  effective  rate  of  interest  and 
a  force  of  interest. 

The  amount  of  £100,000  at  the  end  of  two  years  at  a  certain 
rate  of  interest  convertible  momently  exceeds  the  amount  at  the 
same  rate  convertible  yearly  by  £96.    Find  the  rate  of  interest. 

2.  If  the  rate  of  interest  varies  from  year  to  year  so  that  the 

rate  in  for  the  nth  year   (?i>l)    is  given  by    r-  = r'- — 

I  +1,1      l  +  ii   n+l 
find  the  value  of  a  perpetuity  in  terms  of  ij. 

3.  A  loan  of  £1,000  is  granted  for  a  term  of  five  years,  to  be 
repaid  by  an  annuity  increasing  £10  per  annum,  of  such  amount 
that  the  lender  will  receive  interest  at  the  rate  of  6  per-cent  per 
annum  on  his  whole  capital  for  the  term  and  be  able  to  accumulate 
a  sinking  fund  at  3  per-cent  per  annum. 

Find  the  amount  of  the  payment  for  the  first  year  and  draw 
up  a  schedule  dividing  the  payments  into  principal  and  interest. 
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4.  A  corporation  issues  a  loan  bearing  interest  at  3  per-cent 
per  annum  for  the  first  ten  years,  4  per-cent  per  annum  for  the 
second  ten  years,  and  5  per-cent  per  annum  thereafter,  payable 
annually.  The  loan  is  redeemable  at  par  by  means  of  a  cumulative 
sinking  fund  of  2  per-cent  per  annum.  Find  the  price  of  issue  to 
yield  4|  per-cent  per  annum  to  an  investor  taking  up  the  whole 
loan. 

5.  A  sum  of  £10,000  is  being  repaid  in  20  years  by  means  of 
a  sinking  fund  calculated  on  a  3^  per-cent  basis. 

At  the  end  of  the  10th  year  it  is  found  that  owing  to 
depreciation  the  fund  produced  by  the  investment  of  the  annual 
sinking  fund  payments  is  only  worth  as  much  as  would  have  been 
produced  if  the  payments  had  been  accumulated  at  3  per-cent 
per  annum. 

Find  the  half-yearly  payment  which  must  be  paid  into  the 
fund  for  the  remainder  of  the  term  on  the  assumption  that  the 
future  rate  of  interest  earned  will  be  4  per-cent  per  annum. 

6.  An  investor  bought  an  annuity  of  £100  per  annum  payable 
yearly  for  20  years  for  £1,100.  To  replace  his  capital  he  effected  at 
the  same  time  a  sinking  fund  policy  maturing  at  the  end  of  the 
term.  *  If  the  premium  for  this  policy  was  calculated  on  the  basis 
of  interest  at  the  rate  of  3J  per-cent  per  annum  for  the  first 
10  years  and  3  per-cent  per  annum  thereafter,  what  rate 
of  interest  did  he  earn  on  his  invested  capital  ? 

7.  The  following  two  issues  of  stock  are  made  : 

(a)  At  78  bearing  interest  at  3  per-cent  per  annum 
payable  yearly,  redeemable  at  the  end  of  20  years 
at  par  ; 

(&)  At  98  bearing  interest  at  4 J  per-cent  per  annum 
payable  half-yearly,  redeemable  at  the  end  of 
n  years  at  par. 

If  the  yield  to  an  investor  under  the  two  issues  is  the  same 
find  the  value  of  n. 


Examination   for   Admission  to  the   Class  of  As.sociate 

(Part  II). 

First  Paper. 

"A  Short   Collection    of   Actuarial   Tables"  will   be   sup])lied    for   use  iu 
answering  this  Paper. 

1.  Define  "  Rate  of  Mortality  "  and  "  Force  of  Mortality." 

Under  what  conditions  would  the  "  Rate  of  Mortality  "  be 
equal  to  the  "  Force  of  Mortality  "  ? 
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2.  If  Lo  =  4,460 

Li  =  4,064 
L.2  =  3,892 
tiud  /o,  li,  and  /o,  as  accurately  as  possible. 

3.  A  stationary  community  containing  20,000,000  males 
supports  an  army  in  which  the  total  number  of  regulars 
and  reservists  is  600,000.  Recruits  enter  at  exact  age  20 
and  are  passed  into  the  reserve  on  attaining  age  25.  There  is 
no  discharge  from  the  army  except  discharge  from  the  reserve  on 
attaining  age  35.  On  the  basis  of  the  H^^  Table  of  Mortality,  what 
proportion  of  the  men  who  attain  age  20  are  called  up  each  year, 
and  what  is  the  strength  of  the  regulars  and  reser\'ists  respectively  ? 

4.  An  office  grants  pensions  of  two-thirds  of  the  final  salary  to 
those  of  its  staff  who  reach  the  age  of  65.  The  pensions  are  payable 
annually  and  the  first  payment  is  due  at  age  66. 

It  is  proposed  to  introduce  a  new  scheme  under  which  the 
pension  granted  at  65  will  be  reduced  to  one-half  the  final  salary  ;  a 
gi-atuity  of  one  and  a  half  year's  final  salary  will  be  paid  in  addition 
at  retirement ;  while  to  the  representatives  of  those  who  die  in 
ser^^ce  a  year's  salary  will  be  paid. 

Assuming  that  all  members  of  the  staff  enter  at  age  21,  that 
promotion  from  grade  to  grade  is  automatic,  that  the  scale  of  salary 
is 

£100  by  £10  per  annum  to  £200 

£200   „    £15  „  £500 

£500   „    £20  „  £600 

and  remains  at  £600  till  retirement,  that  there  are  no  withdrawals, 
and  that  the  mortality  follows  the  H^^  Table,  find  the  difference  in 
the  ultimate  annual  charge  on  the  funds  of  the  office  in  the  two 
cases  for  a  staff  of  1,000. 

5.  Find  an  expression  for  the  probability  that  x  will  survive 
to  the  end  of  the  «th  year,  and  that  the  joint  lives  of  y  and  z  will 
have  failed  at  least  t  years  previously,  the  failure  being  caused  by 
the  death  of  y{ii>i). 

If  X,  y  and  z  are  aged  60,  86  and  86  respectively,  what  is  the 
probability  by  the  H^  Table  when  n,  =  20  and  t  =  5. 

6.  Define  Q^.^TIi),  and  show  that  it  is  equal  to 

7.  If  /ij;  =  A  log .'•,  find  an  expression  for  /^.jjind  calculate  the 
value  of  1X20,  being  given  that  logio(5P-7o)  =  1-9862  and  that 
log  10^  =  -4343. 
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Second  Paper. 

"  A  Short    Collection   ol   Actiuxrial   Tables "  will   be   supplied    for   use  in 
answering  this  Paper. 

1.  Write  down  the  symbol  for  the  value  of  a  complete  annuity, 
payable  m  times  a  year,  on  the  life  of  x,  to  begin  to  accrue  immediately 
on  the  death  of  y,  and  prove  that  the  value  of  such  an  annuity  is 
equal  to 

2.  If  Makeham's  law  holds,  show  that 

X\y  =  -  log  .>^ .  'I,,,  +  {fj.j.  +  log  s)d\^.,j 

where  Aj-,,  and  (7,,.^,  are  calculated  at  a  rate  of  interest  i,  and  d'^y  is 

--■^       I  +i 
calculated  at  a  rate  j  such  that  1  +  y  = . 

c 

3.  Give  a  formula  for  the  value  of  Ai,7,Tj.  If  an  annual 
])remium  were  required  for  this  assuraiiCe,  state  how  you  would 
calculate  it.  During  what  status  would  you  make  it  payable, 
and  why  1 

4.  Prove  that 


5.  Given  a  complete  table  of  values  of  net  annual  premiums 
for  whole-life  assurances  and  the  rate  of  interest,  how  would 
you  calculate  a  tal)le  of  values  of  /.,.  ? 

6.  Express  in  the  form  of  integrals 

(i)  the  probability  that  x,  y  and  z  will  all  die  within  n  years 
in  the  order  named,  x  within  1  year  of  y  and  y  within 
1  year  of  z  ; 

(ii)  the  probability  that  x,  y  and  z  all  die  within  w  years, 
at  least  m  years  separating  each  death  {n>2m). 

7.  A,  B,  C  and  D  all  aged  80  have  an  annuity  of  1  per 
annum  payable  until  the  death  of  the  last  survivor  of  them. 
They  agree  to  toss  every  two  years,  the  winner  to  receive  the 
annuity  payments  for  the  ensuing  two  years  if  he  lives,  or,  if 
he  dies  during  the  period  the  survivors  toss  again  in  respect  of 
the  one  or  two  remaining  payments.  A  has  just  won  the  toss  for 
the  first  two  years.  What  are  the  values  by  the  H^'  3  per-cent 
Table  of  his  expectation  under  the  annuity  and  that  of  any 
one   of   the   others  ? 
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Third  Paper. 

"  A  Short   Collection   of   Actuarial   Tables "  will    be    supplied   for    use  in 
answering  this  Paper. 

1.  A  man  now  aged  40  effected  5  years  ago  a  whole-life 
assurance  for  £500,  the  number  of  annual  premiums  being  limited 
to  a  maximum  of  20.  He  now  desires  to  alter  it  to  an  endowment 
assurance  maturing  at  age  55  for  a  reduced  amount  at  the  same 
annual  premium.  Find  the  amount  of  the  endowment  assurance 
on  the  basis  of  the  H^'  3  per-cent  Table  and  net  premiums. 

2.  Find  by  the  0'^'^"  3  per-cent  Table  the  net  annual  premium 
limited  to  a  maximum  of  10  payments  for  a  whole-life  assurance  for 
£1,000  on  a  life  aged  30  with  the  proviso  that  interest  at  the  rate  of 
4  per-cent  per  annum  on  the  total  amount  of  the  premiums  paid  is  to 
be  paid  at  the  end  of  each  year  he  survives. 

3.  A  company  grants  an  annuity  of  £100  per  annum  j^ayable 
by  quarterly  instalments  to  a  life  aged  60  with  the  special 
condition  that  if  the  life  dies  within  4  years  from  the  granting 
of  the  annuity  the  company  will  on  payment  of  £200  grant  a 
similar  annuity  to  another  life  aged  60  at  the  date  of  death  of 
the  annuitant  with  the  same  special  condition  and  so  on 
indefinitely.  What  should  be  the  purchase  money  for  the 
annuity  by  the  H-^'  3  per-cent  Table  ? 

4.  Find  the  value  by  the  O'^-^^'  3  per-cent  Table  of  an  annuity 
of  £400  per  annum  payable  half-yearly  for  20  jears  certain,  the 
half-yearly  payment  to  be  reduced  to  £150  after  the  first  death  and 
£100  after  the  second  death  of  two  lives  aged  30  and  40  if  such 
deaths  occur  during  the  term  of  the  annuity. 

5.  If  in  a  special  mortality  table  the  number  living  at  age 
40-1-^'  is  less  by  lOO.''  than  the  number  living  at  the  same  age  in 
the  H*'  Table  for  all  values  of  x  from  0  to  10,  find  the  net  annual 
premium  by  the  special  table  at  3  per-cent  interest  for  a  10-year 
endowment  assurance  effected  at  age  40. 

6.  Find  the  single  premium  with  a  loading  of  7^  per-cent 
for  a  contingent  survivorship  policy  payable  if  a  life  aged  30 
dies  before  a  life  aged  60,  or  within  5  years  of  the  death  of  the 
latter,  with  the  return  of  the  single  premium  without  interest 
5  years  after  the  death  of  60  if  no  claim  under  the  policy  arises 
by  the  death  of  30. 

Use  the  Carlisle  3  per-cent  Table. 
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Examination   for   Admission   to  the  Class   of  Fellow 
(Part  III. — Section  A). 

First  Paper. 
Write  an  essay  on  each  of  the  two  following  subjects  : 

(1)  The  Institute  of  Actuaries  proposes  to  collect  a  new  mor- 
tality experience  of  life  offices.  Draft  a  report  to  the  Council 
advising  : — 

(a)  What  data  should  be  collected. 

(&)  In  what  form  the  offices  should  be  asked  to  supply 

the  data, 
(c)  What  groups  should  be  investigated  and  what  Ufe  tablea 

should  be  prepared  from  the  data. 

{(l)  By  what  methods  the  data  should  be  analyzed  and 
collated  in  order  to  obtain  rates  of  mortality. 

[Graduation  need  not  be  discussed.] 

(2)  A  National  census  is  about  to  be  taken. 

(rt)  What  information  should  be  obtained  for  use  in 
connection  with  subsequent  investigations  into 
mortality,  marriage  and  fertility  ? 

(&)  What  statistical  tables  would  you  deduce  from  the 
data  so  collected  ? 


Second  Paper. 

1.  Calculate  from  the  following  data,  which  represent  the 
experience  of  a  calendar  year,  the  ungraduated  rate  of  mortality 
{hclq)x,  and  the  probability  of  marrying  in  a  year  {hmq)^  among 
bachelors,  at  age  25  : 


Age 

New 
Entrants 

Surviving 
Entrants 

Withdrawals 

Existing 

Bachelois' 
Deaths 

Marriages 

X 

Wx 

Sx 

Wx 

ex 

dec 

mx 

18 

2 

1 

19 

10 

3 

3 

20 

21 

6 

1 

8 

1 

21 

32 

11 

1 

14 

2 

22 

34 

16 

3 

20 

1 

7 

23 

38 

22 

2 

25 

5 

24 

31 

26 

29 

10 

25 

22 

30 

2 

34 

2 

12 

26 

14 

32 

4 

37 

12 

27 

1.5 

34 

5 

44 

1 

8 

The  ages  in  each  case  are  "  nearest  "  ages. 
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2.  Given  the  numbers  livins;  at  each  age  according  to  the 
Census  and  also  the  births  and  deaths  at  each  age  for  a  number  of 
years  previous  to  the  Census  date,  show  how  to  find  the  rates  of 
mortality  for  ages  0-4  inclusive. 

What  difficulties  may  arise  in  connection  with  your  method 
and  how  would  you  deal  with  them  ? 

3.  What  second  difference  error  is  involved  in  the  following 
summation  formula  : 


[3][5][f 


150 


'(  -  /'._.  + 4;/,,-  II  -o) 


Retaining  the  same  number  of  summations,  find  a  formula 
correct  to  third  differences  and  express  it  in  terms  of  the  values  of 
the  function  to  l)e  graduated. 

■i.  It  is  required  to  graduate  the  following   experience  of   a 
special  class  of  lives  : 


Age  Group 

I'^xposed  to 
Uisk 

Deaths 

■       <Ix 

20-21. 

2,S-17 

10 

•0035 

25-29 

g,91o 

14 

•0036 

.30-34. 

1,760 

20 

•0042 

35-31) 

5,127 

39 

•0072 

40-14 

5,331 

42 

•0079 

45-4'J 

1,476 

43 

•0096 

5U-o4 

2,!<61 

48 

•0162 

.'.5-59 

1,404 

26 

•01S5 

60-ti-!. 

765 

22 

•0288 

65-69 

307 

16 

■0521 

Give  your  reasons  for  and  against  adopting  : 
(a)  The  graphic  method  ; 
(&)  A  summation  formula 

(c)  Makeham's  Law 

(d)  Mr.  King's  osculatory  method. 

State  what  method  of  graduation  you  would  emplov  and 
give  reasons  for  your  decision,  indicating  the  function  or  functions 
upon  which  you  would  operate. 

You  may  assume  that  the  data  for  individual  ages  are 
available. 

5.  An  old-established  provident  society  consisting  of  over 
50,000  members  grants  the  following  benefits,  subject  to  six  months' 
membership  : 

(rt)  A    weekly    allowance    during    temporary    disablement 
from  work,  not  exceeding  52  weeks  ; 
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(6)  A  lump  sum  payment  on  death  of  member  ; 

(c)  A  weekly  pension   on   retirement  after  attainment  of 

age  65,  or  after  age  60  if  incapacitated  for  further 

duty; 
{d)   A    weekly    pension    of    one-half    the    amount    payable 

under  (c)  after  20  years'  membership  if  incapacitated 

for  duty  before  age  60. 
Membership  of  the  society  is  compulsory  for  all  employees. 
It  is  desired  to  deduce  from  the  experience  of  the  society 
over  a  period  of  5  years  the  following  unadjusted  central  rates  as 
functions  of  the  members  living  at  each  age ; 

(1)  Mortality; 

(2)  Secession  ; 

(3)  Weeks  of  temporary  disablement  per  member  per  annum  ; 

(4)  „       „    full  pension  per  member  per  annum  ; 

(5)  „       „    half  ,,  „  „ 

State  precisely  the  particulars  you  would  require  to  enable 
you  to  carry  out  the  investigation  and  describe  in  detail,  giving 
formula,  how  you  would  obtain  the  various  rates. 

How  would  you  construct  the  combined  mortality  and 
secession  table  from  the  adjusted  central  rates  ? 

6.  Into  what  groups  were  the  data  divided  for  the  purpose  of 
investigating  the  mortality  and  sickness  respectively  of  the 
Manchester  Unity  Experience,  1893/7  ? 

State  how  the  "  exposed  to  risk  "  of  sickness  used  in  that 
experience  diftered  from  that  used  in  previous  investigations,  and 
show  how  values  of  Ka;  can  be  calculated  from  the  rates  of  sickriess 
given  by  the  1893/7  experience. 

What  important  point  had  to  be  borne  in  mind  in  connection 
with  sickness  current  at  the  beginning  of  the  experience  ? 


Examination   for  Admission   to   thi:  Class  of  Fellow 
(Part  III. — Section  B.) 

First  Paper. 
Write  an  essay  on  eacli  of  the  two  following  subjects  : 

(1)  The  net  premium  method  of  valuation. 

lis  origin,  development,  advantages  and  disadvantages. 

(2)  The  various  methods  of  distributing  surplus. 

Their  advantages  and  disadvantages  and  their  relation  to-- 
the  valuation  basis. 
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Second  Paper. 

1.  From  the  following  facts,  complete  tlie  Eevenue  Account, 
ascertain  the  surplus  at  the  end  of  the  year,  and  analyze  the  profit 
earned  during  the  year  into  its  component  parts,  showing  how 
much  is  derived  from  mortality  (including  minor  sources  of  profit), 
interest,  loading  and  surrenders.  What  are  the  usual  minor  sources 
of  profit  included  under  the  heading  "  Mortality  "  ? 


Reserves  at  besfiniiiiig  of  ye.ir  (O'^'  o  per-c-eiit  valuation)  ...   8,629,275 

Reserves  at  end  of  year        ...  ...  ...  ...  ..  ...   8,S14,G-9 

Surplus  brought  forward  froiu  previous  year's  valuation  ...         27,290 


Revenue  Account — Iteias. 


£ 

♦Premiums     .. 

792,481 

Cons  deration  for  Annuities 

2,409 

Claims — bv  Death   ... 

532,357 

„         by  Maturity 

207,-104 

Annuities  naid 

8,185 

Surrenders    ... 

28,314 

Commission  and  expenses  ... 

131,939 

*  The  corresponding  net  premiums  may  be  assumed  to  be  80  per-cent  of  the 
office  premiums. 

Note.  (1)  Ihe  surrender  values  mux  be  assumed  to  he  70  per-cent  of  the 
reserves  ;  (2)  the  average  rate  of  interest  earned  during  the  year  was  £3.  19s. 
per-cent,  after  deduction  of  income  tax. 


2.  During  and  since  the  war  conditions  of  employers'  liabiUty 
insurance  business  have  changed  in  the  following  respects  : — 

(1)  By  arrangement  with  the  Government  insurance  com- 

panies have  agreed  to  cover  ex-soldiers  at  ordinary 
rates  whatever  the  state  of  health  or  disability 
may  be  on  resumption  of  employment  ; 

(2)  The   rates   of  compensation  have  been   materially  in- 

creased. 

Would  you  make  any  allowance  for  these  factors,  and  if 
so,  in  what  manner,  in  valuing  the  liabilities  of  an  old-established 
business  ? 

3.  An  office  transacting  ordinary  business  finds  it  necessary  to 
make  some  allowance  in  its  valuation  for  the  heavy  initial  cost  of 
new  business.  What  methods  have  been  proposed  for  doing  this  ? 
Which  method  do  you  prefer,  and  why  ? 

Q  2 
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4.  In  1915  a  large  mutual  life  office  valuing  on  an  0^'  2|-  per-eent 
basis  notwithstanding  the  war  paid  its  customary  reversionary 
bonus,  being  assisted  by  the  large  amount  of  undivided  profit 
carried  forward  at  the  preceding  valuation.  Since  1915  it  has  done 
a  large  and  rapidly  increasing  new  business.  It  reduced  its  non- 
profit rates  in  1916  and  has  done  about  50  per-cent  of  its  new  business 
under  non-profit  tables.  Discuss  the  probable  position  at  the 
time  of  the  next  valuation  in  1920  with  special  reference  to  the 
surplus  and  the  source  from  which  it  will  be  derived. 

5.  How  would  you  value  the  following  policies,  assuming  in 
each  case  that  the  class  is  a  large  one  ?  Point  out  any  important 
objections  to  the  method  suggested. 

(1)  Survivorship  assurances  ; 

(2)  Deferred  annuities  without  return  of  premium  on  death 

before  the  deferred  age  (the  answer  need  only  refer 
to  valuation  during  the  period  of  deferment)  ; 

(3)  Double  endowment  assurances. 

6.  Describe  in  detail  how  you  would  classify  and  value  the  joint 
life  policies  at  weekly  premiums  of  a  large  industrial  insurance 
company  which  issues  a  great  number  of  such  policies. 


Exa:\[ixation    for   Admission   to  the   Class  of  Fellow 
(Part  IV. — Section  A). 

First  Paper. 

Write  an  essay  on  any  two  of  the  three  following  subjects  : 

(1)  The  Life  Assurance  Companies  Act,  1870,  and  the  Assurance 
Companies  Act,  1909,  as  affecting  Life  Assurance 
Companies,  including  : — 

(a)  Tlie     reasons    for     the     iniroduction     of    special 

legislation      affeiting      the      business      of     life 
assurance. 

(b)  The  main  provisions   of  and  the   reasons  for   the 

1909  Act. 

(c)  The  principal  alterations  in  the  then  existing  law 

made  by  this  Act. 

(d)  What  further  amendments,   if  any,  should  now  be 

made? 
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(2)  The  Friendly  Societies  Acts,  including  : — 

(a)  T/ie  duties  and  privileges  of  registered  societies. 

(b)  Annual    a)id    quinquennial    returns,    including    a 

resume  of  the  official  forms  and  instructions  to 
picblic  valuers. 

(c)  Investment  of  funds. 

(d)  Payments  on  death  ;  nomination  and  revocation. 

(e)  Limitation  of  benefits. 

(f)  Amalgamation,  conversion  and  transfer. 

(3)  Eeversionary  securities  as  investments  : — 

Their  advantages  and  disadvantages. 


Second  Paper. 

"A  Short,  Collection  of  Actuarial  Tallies"  will  be  supplied  for  use  in 
answering  this  Paper.  If  the  Candidate  considers  that  the  Tables  furnished 
are  not  suitable  for  the  purpo.=e  of  valuation,  he  should  indicate  the  b;isis  he 
woxild  adopt  and  use  the  Tables  furnished  for  the  purpose  of  approximating 
thereto. 

1.  Discuss  the  general  principles  on  which  surrender  values 
should  be  determined,  and  suggest  formulce  for  the  calculation  of 
surrender  values  of  with  and  without  profit  policies  in  the  following 
classes  : 

(a)  Whole  life  assurances.     (Premiums  pavable  throughout 
life.) 

(6)  Whole  life  a.ssurances.     (Limited  premiums.) 

(c)   Endowment  assurances. 

(.Note. — In  answering  this  question  you  may  make  your  own  assumptions  as 
to  any  special  features  of  the  life  office  in  qiiestion  which  may  influence  your 

answPi-. ' 

2.  A,  the  vendor,  aged  26,  whose  life  is  assurable  subject  to  an 
addition  of  10  years  to  the  age  at  a  non-profit  whole  life  annual 
premium  of  £2.  Is.  Od.  per  cent,  is  entitled  to  a  reversionary  life 
interest  of  £30,000  per  annum  and  to  a  capital  sum  of  £100,000 
(contingent)  upon  the  death  of  B,  aged  30  last  birthday.  B's  health 
is  very  much  impaired  and  on  medical  evidence  his  age  should  be 
rated  up  2-5  years. 

A  has  agreed  to  sell  his  interests  to  a  private  individual 
for  the  following  consideration  : 

(a)  An  annuity  of  £1,000  per  annum,  free  of  income   tax, 
for  the  remainder  of  the  vendor's  lifetime  ;  and 
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(h)  A  cash  payment  of  £60,000,  A  having  the  right  to 
repurchase  at  anv  time  within  10  vears  for  the  sum 
of  £450,000. 

A  subsequently  endeavoured  to  set  aside  the  agreement  on 
the  grounds  that  the  terms  were  harsh,  and  in  particular  that  the 
repurchase  price  was  exorbitant. 

You  are  consulted  by  the  purchaser  with  a  view  to  justifying 
the  transaction.  State  fully  your  opinion  and  mention  what 
practical  considerations  arise  in  view  of  the  impairment  of  health 
of  the  life  tenant  and  reversioner. 

3.  A  lady,  aged  52,  having  a  husband,  aged  56,  is  entitled  to 
a  life  interest",  forfeitable  upon  remarriage,  in  the  following  funds  : 

£80  G.  I.  P.  Eailway  Annuity,  Class  "  A  "  (1948)  ; 

£100  East  Indian  Eailway  Annuity,  Class  "  A  "  (1953)  ; 

£100  Aladras  Railway  Annuity,  Class  "  A  "  (1956)  ; 

£200  Scinde  Punjab  Railway  Annuity,  Class  "  A  "  (1958)  ; 

£5,000  H.  H.  the  Nizam's  State  Railway  4  per-cent  Mortgage 
Debenture  Stock  (irredeemable). 

State  (1)  what  loan  you  consider  could  safely  be  made, 
giving  full  particulars  of  any  policies  required,  and  (2)  What  larger 
sum,  if  any,  could  be  advanced,  if  two  children  of  the  life  tenant, 
aged  respectively  23  and  25,  entitled  to  the  absolute  reversion  to 
one-half  each  at  death  or  remarriage  of  their  mother,  joined  in  the 
transaction.  What  observations  have  you  to  make  on  the  nature 
of  the  funds  ? 

4.  At  her  death  A  was  absolutely  entitled  in  reversion  to  a 
sum  of  £6,000  Consols  expectant  on  the  death  of  her  mother,  B, 
aged  65.  The  value  is  required  for  probate  and  the  list  shows  the 
price  of  Consols  as  50J-51  on  the  date  of  A's  death.  Value  this 
reversion  for  probate  and  explain  what  courses  are  open  to  A's 
executors  in  regard  to  the  payment  of  Estate  Duty  thereon. 

5.  If  A,  a  male  aged  60,  should  predecease  B,  a  lady  aged  80, 
C's  estate  will  be  entitled  to  one  fourth  of  the  following  fund, 
namely : 

£2,500  3^  per-cent  W^ar  Loan  (1925-8)  ; 

£3,000  4  per-cent  net  War  Loan  (1929-42)  ; 

£4,500  Union  of  South  Africa  4  per-cent  stock  (1943-63). 

Then,  upon  the  subsequent  death  of  B,  C's  estate  will  become 
entitled  to  a  further  one-eighth.  If  B  predecease  A,  C's  estate 
will  immediately  be  entitled  to  the  whole  three-eighths  of  the  fund. 

Find  the  market  value  of  C's  interest. 
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6.  A,  a  lady  aged  60,  has  a  life  interest  in  the  income  from  : 

400  shares  of  £5  (£l  paid)  in  Lloyds  Bank  now  producing 
£80  per  annum  and  £800  Gas  Light  and  Coke  Company 
Ordinary  Stock  now  producing  £24  per  annum. 

B,  who  is  entitled  to  the  absolute  reversion,  has  these  invest- 
ments standing  in  his  name  as  sole  trustee  under  a  deed  of  gift,  but 
desires  to  realize  his  interest.  AVhat  difficulties  confront  a 
prospective  purchaser,  and  how  can  they  be  overcome  ? 

7.  Explain  the  various  ways  in  which  reversionary  investments 
can  be  treated  in  the  books  of  a  life  office.  Give  your  views  as  to 
the  advisabihty  of  setting  up  covering  policies  for  contingent  rever- 
sions and  also  annuities  in  the  books  to  provide  for  payment  of 
premiums  and  interest  during  the  joint  lives  of  the  life  tenant  and 
reversioner. 


EXAMIXATIOX    FOR    ADMISSION    TO   THE    ClASS   OF   FeLLOW. 

(Part  IV. — Section  C). 

First  Paper. 

1.  State  whiit  alterations  were  made  by  the  National  Health 
Insurance  Act,  1918,  in  the  financial  basis  of  National  Health 
Insurance  and  give  a  short  account  of  the  reasons  for  these 
alterations. 

What  changes  were  introduced  in  the  pooling  arrangements 
of  small  societies  and  why  were  these  changes  necessary  1 

2.  State  your  opinion  generally  ujion  the  use  of  a  rate  of 
withdrawal  in  the  valuation  of  : 

(a)  A  Friendly  Collecting  Society ; 
{h)  A  Railway  Staff  Pension  Fund. 

3.  The  superannuation  fund  of  a  certain  authority  provides 
{inter  alia)  the  following  benefits  for  the  employees  : 

Pensions. — On  retirement  at  age  60  subject  to  40  j^ears' 
service,  or  at  age  65,  or  earlier  in  the  event  of 
permanent  incapacity,  one-sixtieth  of  average  salary 
of  the  three  years  prior  to  retirement  for  each  year 
of  ser\nce  (maximum,  forty-sixtieths). 

On  death  after  retirement. — A  cash  payment  equal  to 
3  months'  pension. 

On  death  in  the  service. — A  cash  payment  of  1  year's  salary. 
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On  the  basis  of  the  subjoined  extract  from  the  '  Service 
Table  "  and  interest  at  3i  per-cent  per  annum,  calculate  the  Reserve 
in  respect  of  an  employee  now  aged  63  who  has  completed  35  years' 
service  and  is  in  receipt  of  a  salary  of  £300  per  annum.  The 
annual  rate  of  contribution  payable  to  the  Fund  is  10  per-cent 
of  the  salary. 


Average 

Annnitv- 

.^ge 

Existing  in 

Deaths 

Relirements 

Salary  at 

value  for 

Age 

X 

Service 

Uh) 

Ov^ 

Age  .r 

Pensions 

X 

X. 

fiO 

4,49.^ 

45 

854 

260 

9,557 

60 

HI 

:5..i96 

30 

1,079 

261 

9,303 

61 

rc' 

2.478 

31 

1,11.5 

262 

9,051 

62 

63 

1.312 

20 

666 

263 

8,799 

63 

64 

646 

13 

323 

264 

8,545 

64 

65 

:<1() 

8 

302 

264 

8,291 

65 

r;() 

8,033 

66 

Second  Paper. 
1.  A  friendly  society  grants  the  following  l)enefits  : 

Sickness  licnefits. — 9.s.  per  week  for  the  first  52  weeks  ; 

OS.  per  week  after  52  weeks  for  remainder 
of  sickness. 

Funeral  l>enefits. — £10  on  death  of  member  : 

£5  on  death  of  member's  wife  in  member's 
lifetime. 


period  : 


The  following  data  are  supplied  to  you  for  a  quinquennial 


Age  Lironp 


16-30 
31-45 
46-60 
61-75 

76-84 


Jieginniug  of 
perioa 


102 

91 

50 

27 

4 


End  of 
period 


90 
97 
53 
32 


Total  Annual 

Contributions  to  IJenelit 

Fund  at  end  of 

quinquennial  period 


ij 
78 
85 
47 
28 


.Age  Group 


16-30 
31-45 
46-60 
61-75 

76-84 
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Total  Benefit  Fin  is 

Actual  Net  Iktcrkst 
Income 

Actual  Sickk 

:»s  Cost 

Beginning  of 

£ 

Year                  — 

\%ar       1        Full 

Reduced 

period 
End  of 

3,497 

1 

£ 

'          £ 

t 

1st     year 

3,579 

1                 142 

1                   115 

1  13 

2nd       „ 

:^,679 

2                 15U 

2                 140 

119 

3rd       „ 

:j,713 

3                 141- 

3                 181 

121. 

4th        „ 

3,791 

1                 148 

1                 141 

125 

5th 

:'.,S7(i 

o                 161 

5                 1 50 

ns      ' 

Total  number  of  niemhers'  deaths  in  the  quinquennium  17. 

On  the  Ijasis  of  the  Manchester  Unity,  Whole  Society, 
Experience  calculate  approximately  the  expected  sickness  cost  and 
the  expected  number  of  deaths  for  the  quinquennial  period.  Make 
a  valuation  as  at  the  end  of  the  period,  draw  up  the  valuation 
balance  sheet  and  show  the  degree  of  solvency. 

State  Avhether  as  a  result  of  the  approximate  investigation 
into  the  sickness  and  mortality  experience  you  would  modify  the 
standard  valuation  factors  in  any  way,  and  give  your  reasons. 

2.  Give  a  short  account  of  any  official  investigations  into 
occupational  mortality. 

To  what  extent  can  valid  conclusions  be  drawn  from  such 
investigations,  and  what  points  have  to  be  borne  in  mind  in 
interpreting  the  results  ? 

3.  Determine  from  the  following  data  the  apjtroximate  A'alues 
of  the  mean,  median,  mode,  upper  and  lower  quartiles,  and  standard 
dex'iation. 

How  can  the  relative  values  of  mean,  median  and  mode  be 
checked  approximately  ? 
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PROCEEDINGS  OF  THE  INSTITUTE.— Session  1919-1920. 


First  Ordinary  Meeting,  24  Navemher  1919. 

The  President  (Mr.  Geoffbey  Marks,  O.B.E.)  in  the  Chair. 

A  paper  entitled  "  The  Reversionary  (or  Prospective)  and  Collective 
"'  methods  of  valuinj*  Widows'  Funds,  with  some  notes  on  the  valuation  of 
^'  the  Church  of  Ireland  Widows'  and  Orphans'  Fund",  was  submitted  bv 
Dr.  C.  E.  Howell. 

The  followinor  gentlemen  took  part  in  the  discussion  : — Messrs.  T.  Tinner, 
W.  Penman,  J.  Bacon,  A.  D.  Be.'^ant,  E.  C.  Thomas,  and  the  President. 


Second  Ordinary  Meeting,  2  February  1920. 

Tiie  President  (Mr.  Geoffbey  Mabks,  O.B.E.)  in  the  Chair. 

Resolved  : — (1)  That  the  Messenger  Legacy  Fund  be  permanently 
appropriated  for  educational  purposes ;  (2)  That  a  Gold  Medal  of  the 
Institute  be  given  to  commemorate  work  of  outstanding  originality  in 
actuarial  science  on  such  occasions  as  the  Council  ma}-  deem  lit. 

^Messrs.  James  Tait  Campbell,  F.F.A.,  George  Hugh  P.ecknell,  F.F.A., 
Walter  Carlow  Reid,  F.F.-A..  and  John  Stark  Benson  Wilson.  F.F.A.,  were 
elected  Associates  of  the  Institute. 

A  discussion  took  place  on  Approximate  Group  Valuation,  introduced  b}" 
the  following  papers: — (1)  Some  further  suggestions  on  the  subject  of 
Apnroximate  Valuation,  by  Mr.  Alfred  Henry,  and  (2)  A  new  method  of 
valuing  Policies  in  Groups,  by  31  r.  H.  L.  Trachtenberg. 

The  following  gentlemen  took  part  in  the  discussion  : — Messrs.  R.  D. 
Anderson,  R.  C.  Simmonds,  Sir  Alfred  Watson.  W.  Palin  Elderton,  and  the 
President. 

TJiird  Ordinary  Meeting,   10  May  1920. 

The  President  (Mr.  Geoffbey  Mabks,  C.B.E.)  in  the  Chair. 

Sir  Joseph  Burn,  Iv.B.E..  opened  a  discussion  on  the  Actuarial  Aspects 
of  Industrial  Assurance,  with  special  reference  to  the  Report  of  the 
Departmental  Committee  on  the  Business  of  Industrial  Assurance  Companies 
and  Collecting  Societies. 

The  following  gentlemen  took  part  in  the  discussion : — ^Messrs.  A.  D. 
Besant,  C.  W\  Kenchington,  S.  G.  Warner,  J.  Murray  Laing,  C.  S.  Kelham, 
H.  H.  Austin,  and  the  President. 


The  Seventy -third  Annual  General  Meeting,   7  June  1920. 

The  President  (Mr.  Geoffbey  Mabks,  C.B.E.)  in  the  Chair. 

The  proceedings  at  tlie  Annual  General  Meeting  will  be  found  on 
pMge  230. 

REPORT,    1919-1920. 

The  Council  have  the  pleasure  to  report  to  the  Members  upon  the 
work  of  the  Institute  during  the  Session  of  1919-1920,  the  seventy-second 
year  of  its  existence. 

There  has  been  an  increase  of  24  in  the  total  number  of  members,  as 
compared   with   the   previous   year.      At  the   end   of   the   official  j'ear  in 
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which  the  Institute  \v;is  incoipovated  by  Royal  Charter  the  imniber  of 
Members  was  434;  tweuty-foiir  years  later,  at  31  March  1909.  it  was  998. 
SincH  that  tiyne  the  niiuiber.>5   have  been   as   follows: 


On 

Fellows 

.\ssociates 

.Stiiflents 

Coirespoudnig 
Meiiibens 

Total 

1910 

2.39 

335 

348 

21 

963 

1911 

287 

339 

308 

20 

934 

1912 

278 

354 

2<J8 

20 

920 

1913 

282 

355 

252 

J9 

9U8 

1914 

295 

358 

238 

19 

910 

1915 

304 

3t;i 

263 

17 

945 

1918 

308 

34.a 

247 

17 

917 

1917 

303 

344 

:i3l 

18 

89  6 

1918 

295 

332 

215 

18 

SfiO 

1919  ' 

288 

330 

205 

18 

8M 

1920 

305 

345 

197 

18 

865 

The  following  schedule  shows  the  additions  to,  and  the  changes  and 
losses  in  the  membership  wliich  have  occurred  dnring  the  year  ending 
31    March    last: 

Srhednk  of  MemherMp,  31   March    19i'0. 


1 

Corres- 

FeiloH-.s 

.\ssoeiates 

."Students 

lionding 
Meinhers 

Total 

i.    Number     of     ^lenibers 

in     each     class     on 

31  March  1919 

2S8 

330 

205 

I« 

H41 

ii.    Witliilniwals  hv 

(1)  Death    . 

4 

3 

3 

1 

(2)  Resignation    or 

1 

-J 

18 

22 

otherwise  . 

o 

7 
195 

284 

322 

819 

iii.    AddifcionstoMenibersliip 

(1)  I5y  Election  . 

0 

■  1 

18 

(2)  \U  E.\amination   . 

32 

46 

(3)  liy  I{i>-iiistntcni»»nt 

3 

6 

284 

330 

233 

865  i 

iv.  ' Transfers 

(1)  l?y  I'jxumination  : 

from  Associates 

18 

Id  Fellows 

18 
302 

233 

312 

J8 

865 

(2)  By  E.\amination  : 

from     Students 

... 

to  Fellows 

305 

.     3 

312 

230 

18 

865 

l3)  My  I']xanii:i:!tioii: 

from    Students 

33 

lo  Associates     . 

33 

».    .N'innljer    of    ^lenihers 

in     each     class    on 

31  Marcli  1920 

305 

345 

197 

18 

865  ; 

[^Continued  on  page  226.] 


i!9r. 


Hevenue   Account  /or 


1919. 

£   «. 

d. 

S,184  IS 

2 

446  IS 

6 

383  19 

9 

832  W 

5 

9,848  10 

10 

135  11 

3 

S04     H 

0 

56  o  19 

0 

157  10 

0 

32  11 

0 

1,560     6 

0 

48     6 

0 

1,512     0 

0 

10  10 

0 

1,522  10 

0 

51 5 

6 

18  18 

0 

24  13 

6 

134   II 

0 

■nr,  i:i 

;• 

13     8 

2 

11  10 

5 

19     2 

2 

260     0 

0 

Amount  of   Funds  at  the  hetrimiintr  of  tlic  yeai- — 

General  Fund   (includiii<r   Stock  of    I'nldications.  otlie?' 


1920. 


tliaii  Journal) 
Messeno-ci-  Le<racy  Fund 
Hi-Qwn   Fii/.c  Fund 
(i.  F.  Hardv  Memorial  I'und 


O.  F.  March/  Memorial  Fund  (A.  J.  Cook's  Bequest) 
Siiliscriptioiis — 

Fellows       ......... 

Associates.  ........ 

Students     ......... 

Prol)atioiier.s        ........ 

Less  Waived  and  returned  to  Memheifsand  Probationers 
oil  Naval  and  Military  Service 

One  Annual  Snbscription  Compounded  for 
Entrance  I'ees — 

Associates  ........ 

Students     ......... 

Probationers      ........ 

J{alance  of  Publications  Account         ..... 
Dividends  and  Interest  — 

General  Fund     ........ 

Messenger  Leg^aev  Fund     ...... 

Brown  Prize   Fund      ....... 

G.  F.  Hardv  Memorial  l'\ind     ..... 


8,242 
460 


10  7 

«  8 

305   10  2 

987  12  10 


10,086     0 


947 

2 

0 

727 

13 

0 

222 

12 

0 

154 

7 

0 

2,051 

14 

(1 

10  10 

0 

2,062 

4 

10  10 

0 

44  12 

6 

84  0 

0 

139 

2 

206 

7 

290  10 

2 

16  15 

2 

14  8 

0 

53  14 

H 

375 


£11,925  16     7 


£12,869     1 


323 

19 

37 

0 

31 

1 

134 

11 

PuhlicafioiiH  Account  for 


2  Stock  (e.\cluding  Journal)  at  tin-  beginning  of  tlie  year 
0  Cost  ofSepriiit  of  Sir  G.  F.  Hardu's  Prize  Essay  on  Friendly  Societies 
Cost  of  Hei)rint  of  "  Short  Collecti(m  of  Actuarial  Tables"    . 
10   IJinding,  Advertising,  &c.         ........ 

0  Halance  ........... 


£526  12     (> 


£ 

s. 

249 

6 

29 

10 

81 

0 

206 


£566  13 


Balance  S/>t 


£        s.  d. 

8,242  10  7  Geneial  Fund 

233     9  2  Messenger  T.eg.-icy  Fund 

!26  17  6  Accumulated  Dividends 


Urown  Prize  Fund  . 
Accumulated  Dividends 


0  G.  F.  Hardy  Memorial  I'und 
5  10  Accumulated  Dividends  . 


460     6 

8 

200     0 

0 

195  10 

2 

395  10 

2 

903     7 

0 

84     5 

10 

LIAHILITTES. 


987  12  10 


£     X.    d.         £      s.    d. 
8,004  17     0 
.  233     9     2 
.  243   12     8 

477     1   10 
.  200     0     0 
.  209  18     2 

409  IS     2 
.  903     7     0 
.  138     0     4 

1,041      7     4 


145  13  0  Reserve  for  Income  Tax  on  War  Loan  Stock,  &c. 
3S  8  3  Sundry  unpaid  Accounts  .  .  .  .  . 
10  10     0  Examination  Fees,  1920 


£ 


9.933  4 

86  8 

35  4 

8  8 


£10,280  11     6 


£10,063     4 


tr  endinq   ol    March    1910. 


l!"t 


1919. 
£      s.    d. 
399  10    5 
43    2     6 

Journal — 

Printino:  of  Nos.  271,  272 

Editoriiil  Expenses      .... 

Less  Sales  (luiiiii;'  llie  year 

.        518   19 
Ci     2 

192U. 
d.         £ 
2 
6 

442  12  11 
128    8     6 

.562     1 
20fi     2 

8 

314     4     5 

49     3     2 


21  12     0 
40  16     0 


600     0     0 

534     6    2 

65     5     1 

32  14  10 


355 

Ijibrary — liiiidlncr.  Purchases,  &c. 

43 

18 

8 

Moving  and  refittinc-  Hoolicascs 

".•:j 

1.5 

7 

137 

Meetiiiars  ........ 

49 

Legal  Charges           ....... 

E.'waininatioii  Charges        .          .          .          .          . 

.       (598 

i 

2 

Less  Fees  received  from  Candidates  (1919j 

.       295 

1 

0 

403 

Tutors  for  Classes  in  Parts  I  and  11 

.       750 

,3 

0 

Less  Fees  received  fioin  Students 

.       .591 

3 

0 

159 

Onice  E.xpenditnre — Kent           .          . 

600 

0 

0 

Salaries     .... 

.       601 

16 

6 

House  Exjieiiscs 

100 

13 

3 

Fii-e  and  other  Insurance  . 

32 

17 

10 

Furniture  and  Fittinss 

10 

17 

4 

Stationery  and  Printinir    . 

220 

6 

2 

4  9 

A 

11 

Sundries    .... 

t) 

H 

i  1 

Lectures  on  Finance  and  Statistics   ........ 

Valuations  for  the  Royal   Patriotic   Fund   Corporation    (out   of   pocket 
expenses)  ........... 

0,086     0     3   .\niount  of  Funds  at  the  end  of  the  year  as  per  Balance  Sheet 


1,925  16     7 


K.r'tiitined  and  found  correct,  28  April  1920. 
E.  W.  HUMPHRY,  -) 

STANLEY  HAZELL,       [Auditors. 
1).  M.  CARxMENT,  ) 


.V.      d. 


19     5 


14     3 
10     1 


0     2 


0     0 


1.622 

2 

11 

1.38 

2 

6 

70 

8 

0 

9.933 

4 

4 

Jf  12.869     1 


ar  endinq  31   Mnreh  1920. 


£      s.   d. 

277     5    8 
249     6    4 


Sales  (excluding  Journal)        .... 
Stock  (excluding  Journal)  at  the  end  of  the  year 


£ 

s. 

d. 

422 

1 

2 

1-14 

12 

0 

£526  12     0 


Examined  and  found  correct,  28  Ai^ril  1920. 
E.  VV.  HUMPHRY,  ) 

STANLEY  HAZELL,       i  Atiditor.i. 
I).  M.  C.\RMENT,  ) 


March   1920. 


£  *. 

1,875  0 

726  5 

700  0 

357  15 

4,275  0 

400  0 

249  6 

250  0 
480  18 

63  0 

903  7 


d.  ASSEIS. 

0  £3,000  Natal  3  per-cent  Consolidated  Stock,  1929-49     . 
0  £1,000  Dominion  of  Canada  3 J  per-cent  Registered  1930-50  Stock 
0  £1,000  New  South  Wales  3i  p"er-cent  Inscribed  1930-50  Stock       . 
0  £600  Belgian  Government  3  per-cent    Sterline  Loan  of  1914 
0  £4,.S00  5  per-cent  War  Stock,  1929-47.  .'        .... 

0  £400  National  War  Bonds,  4  per-cent,  1927 

4  Stock  of  Publications  (excluding  Journal)  in  hand 

0   Cash  on  Deposit  Account       ........ 

2  Cash  on  Current  Account  and  in  hand    ...... 

0  Subscriptions  in  Arrear  ........ 

0  £954.  bs.  (^d.  5  per-cent  War  Stock,  1929-47  (G.  F.  Hardy  Fund) 
'I'he  StocJc  Exchange  Securities  are  taken  at  the  values  at  which  they  stood  on  ol  March 
1016,  and  at  cost  price  in  the  ctise  of  any  acquired  since  that  date. 


£566  13     2 


£       .v.  a. 

1.875     0  0 

726     5  0 

700     0  0 

357  15  0 

4,275     0  0 

100     0  o 

144  12  0 

623  10  6 

57  15  0 

903     7  0 


W,2S0  11     6 


E.ranilned  and  found  correct,  28  April  1920. 
E.  W.  HUMPHRY,  ) 

STANLEY   HAZELL,       [Auditors. 


£10,063     4     6 
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Tliere  are  also  230  can  did  at  es  admitted  as  Proljatioiiers,  and  7!*  as 
Students  conditionally  on  their  passiiii-:  Part  I  oC  tlie  Kxaniinat  ion.  These 
are  not  included  in  tlie  above  Scliedule  of  Menihership.  The  iiuniljers  in 
these  two  classes  at  Bl  March  1914  was  200  and  67.  Since  that  date  the 
numbers  have  been  as  follows  : 


On  31  March 

Probation  eis 

Conditional 
Students 

On  31  March 

Probationers 

Conditional 
Students 

1015 
lOlfi 
1917 

188 
172 
173 

72 
73  . 
67 

1918 
1910 
1920 

156 
169 
230 

70 
73 

79 

The  Council  have,  witli  great  regret,  to  report  .the  loss  by  death,  since  the 
last  Annual  Meeting,  of  four  Fellows,  Messrs.  A.  B.  Adlard,  J.  Coles, 
N.  C.  M.  Home,  and  A.  Pearson  ;  three  Associate's,  Messrs.  S.  G.  Martin, 
E.  H.  Panton,  and  T.  Peele  ;  and  three  Students,  Messrs.  H.  A.  Bolton, 
V.  M.  Kime,  and  H.  AVatson.  Lieutenant  Watson,  and  two  Probationers, 
Captain  G.  Y.  Heald  and  Lieutenant  A.  V.  Clare,  were  killed  in  the  War. 

The  Council  regret  that  it  has  not  yet  been  possible  to  place  in  the  Hall 
of  the  Institute  a  memorial  of  the  Members  and  Probationers  who  fell  in 
the  War.  Proposals  have  been  under  consideration,  and  it  is  hoped  that 
the  desired  object  may  soon  be  achieved. 

The  Annual  Subscriptions  and  the  Entrance  Fees  a])ppa.ring  in  the 
Revenue  Acconnt  amounted  to  £2.201.  6.?.  6rf.,  as  compared  with 
£'l.o47.  3v.  M.  in  the  previous  year.  The  Income  and  Exi^enditure  for  tlie 
year  were  £2.783.  1.?.  hd.  and  £'2,935.  17*.  4(f.  respectively. 

The  Examina' ions  wei-e  held  in  June  and  Decemlier  last  j'ear  with  the 
followino'  results  : 


Part 

Entered 

sat 

Passed 

I,  Sec.  A         .          .          .          . 

167 

142 

63 

I,  Sec.  B         .          .          .          . 

132 

113 

52 

11 

75 

67 

36 

Ill,  Sec.  A         .          .          .          . 

.-.4 

52 

24 

Ill,  Sec.  15        ...          . 

49 

47 

23 

IV,  Sec.  A        .          .          .          . 

47 

45 

22 

The  names  of  the  successful  Candidates  have  ahead}'  been  published  in 
the  Journal* 

Lectures  on  Finance,  by  Prof.  H.  S.  Foxwell,  M.A  ,  and  on  Modern 
Statistical  Methods,  by  Miss  Ethel  M.  Elderton,  wete  delivered  during  tlie 
Session.  The  Council  hope  that  it  may  be  possible  to  arrange  in  the  future 
for  further  courses  of  Lectures  on  subjects  of  general  interest  to  the 
profession. 

An  annovmcement  has  already  been  made  of  the  Council's  intention  to 
present  a  Gold  Medal  to  commemorate  work  of  outstanding  originality  in 
actuarial  science  and  to  give  prizes  out  of  the  Prize  Funds  for  any  work 
of  exceptional  merit.  The  Council  desire  to  express  the  hope  that  the 
opportunity  may  soon  arise  to  make  such  awai'ds. 

W^onien  are  now  eligible  for  menihership  of  the  Institute  on  the  same 
conditions  as  men.  Twelve  women  have  been  admitted  to  the  Class  o£ 
Probationer  since  the  new  reijulation  came  into  force. 


*  See  Vol.  li,  p.  394;  Vol.  Ill,  p.  114. 
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Tlie  stock    ill    liand  of 
follows  : 

No.  of  Copie.s 
30,248 
724 
1,321 
225 
628 
726 
307 


731 

36   in 
2,290  in  }. 

1 ,524 
1,169 

681 
1.315 

791 

482 
1,472 

313 

232 

70 

619 

620 

132 

772 
129 

11   May  1920. 


loth 
aper 


Desi;ii(itioii  of  Work 
Parts  of  Journal. 

Index  to  Vols.  1  to  40. 

Te.rf-Book,  Part  I  (Revised  I'^dition). 

Text-Book,  Part  II  (Second  Edition). 

Goveniiiient  Joint-Ijife  Animitv  'I'ahlcs 

Select  Life  Tallies. 

A  Sliort  Collection  of  Aituarial  Tables  (New 
Edition). 

Frequency-Curves    and     Correlation,    with 
Addendum  and  Errata  (W.  V.  Elderton). 

\  l^ectures  on    Einaiice  and    Law    (Clare  and 
/       Wood  Hill). 

Lectures    on    l!ie    Conipanies    Acts    (A.    C. 
Clausou). 

Lectures  on  tlie  Law  of  ^Mortgage  (W.  G. 
Hajter). 

Lectures   on  tlie    Measurement    of    Groups 
and  Series  (A.  \i.  Bowley). 

Lectures  on  the  Construction  of  Tables  of 
Mortality,  &c.  (Sir  G.  F.  Hardy,  K.C.H.). 

Lectures   on    Stock   Exchange    Investments 
(Sir  .L  liiirn,  K.B.E.). 

Messenger  Prize  Essav  on  Friendly  Societies 
(Sir  G.  F.  Hardy,  K.C.B.). 

Lectures     on     Friendly     Society     Finance 
(Sir  A.  W.  Watson). 

South  African  War  Mortality  (F.  Schooling 
and  K.  A.  Rusher). 

Life  Assurance  Law  (A.  11.  Barraud). 

Newton's     Interpolation    Formulae    (I).    C. 
Fraser). 

Britisli  Offices'  Valuation  Tables. 

British     Offices'    2f    per-cent     Temporary 
Annuity  Values. 

Transactions  of    the    Second    International 
Congress  of  Actuaries. 

Inde.K    to    Transactions    of    Seven     Inter- 
national Actuarial  Congresses. 

E.xamination  Q-.iestions,  1912-L",and  1919,. 
separately  bound. 
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EXAMINATIONS,   JUNE    1920. 

Exainiiiiitions  were  held  on  the  21st,  22nd  and  23rd  June  1920,  at 
London,  Liverpool,  CaidifP,  Norwich,  Edinburgh,  Dublin,  ^lelbourne, 
S3'dney.  Perth,  Montreal,  Toronto.  Ottawa,  Winnipeg,  Singapore, 
Shantrhai,  Hoinlmv,  and  Calcutta,  with  the  following  results: 


Part  I. — Section  A. 

One   hundred   and   eleven  candidates   sent   in   their   names,   of   wIhmu 
•one  hundred  and  one  presented  themselves,  and  sixteen  passed,  namely  : 


Ciile.  C.  E. 
Care,  H.  C. 
<y'oo[)er,  F.  R. 
Davis.  C.  M. 
Dhar.  S.  C. 
•Gill.  1).  H. 


Gregory,  Miss  G.  C. 
Grimshaw,  W.  E. 
Jones,  H.  G. 
Keady,  P.  J. 
Kops"  C.  W. 
Mag-grs.  C.  (i. 


Pal.  A.  T. 
Perlcs,  W. 
Scott,  Miss  H.  il. 
Williams.  G.  T. 


Part  I. —  Sec i ion  B. 

One    hundred    and    five   candidates    sent     in    their    names,    of    whom 
■eiglity-eight  presented  themselves,  aufl  twenty-seven  passed,  namely: 


Ascolt,  F.  Vl. 
Beckworth,  C. 
Bowre\',  Miss  M. 
Cale,  C.  E. 
Care,  H.  C. 
Christie,  V.  G. 
Clough.W.  H. 
Creese,  H.  R. 
Cutler.  D.  G.  S. 


Davis.  Miss  D.  B. 
Dodwell,  Miss  M.  E. 
Dowsett,  R.  E. 
Grimshaw.  W.  K. 
Guest.  C.  F. 
Hallett,  H.  J. 
Jolmston.  A.  W. 
Keady,  P.J. 
Kops.  C.  W. 


Lvncli,  L. 
Parker,  R.  O. 
Read,  E.  K. 
llowan,  II.  R. 
Saunders,  F.  W. 
Schwehr,  AV.  E.  P. 
Scott,  A.  W. 
Scott,  Miss  H.  M. 
AVilliams,  G.  T. 


Paet  II. 


Thirty-six     candidates    sent    in    their   names, 
presented  themselves,  and  nineteen  pa.ssed,  namely  : 


Cope,  A. 
Cree.se,  H.  R. 
€urtis,  A.  T.  G. 
Eames,  G.  S. 
Finch, G. 
Forster,  W.  A. 
Ooodfellow.  P. 


Martin,  F.  C. 
Miller.  I.  A. 
.Millies.  H.  L. 
Pedoe.  A. 
Reynolds.  P.  C. 
Sanger,  C.  W. 
Scliwehr.  W.  E.  P. 


of    whom    tiiirtv-two 


Shaw,  E.  H. 
Starke,  L.  G.  K. 
Taylor,  F.  W.  S. 
Thurston.  O.  I'a. 
Walker,  J.  i;. 
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Thirty-six   candidates   sent    in   their  names 
themselves,  and  ten  passed,  namely  : 


Atkins,  F.  C. 
Innes,  F.  F. 
Jones,  J\.  McNair 
Lochhead,  R.  K. 


Reid,  W.  C. 
Rowell,  A.  H. 
Rutherford,  C.  D. 
Stockman,  G.  D. 


all     of     whom    presented 


Thorpe,  A.  H. 
Welsh.  W. 


Part  III. — Section  B. 


Twenty-four   candidates   sent    in   their  names,   of  whom  twenty-three 
presented  themselves,  and  thirteen  passed,  namely  : 


Brown.  E.  A.  L. 
Clegg,  C. 
Freeman,  H. 
Hocking,  W.  S. 
Holgate.  B. 


Johnson,  A.  N. 
Johnston,  W.  N. 
Knowles,  M.  B. 
Mabon,  J.  B. 
Marriott,  A. 


Shrewsbury,  A.  H. 
Stockman,  G.  D. 
Wilkens,  C.  H. 


Part  IV. — Section  A. 


Twenty-four  candidates   sent   in  their  names,   of    whom   twenty-three 
presented  themselves,  and  eighteen  passed,  namely  : 


tBarrett,  0.  C.  C. 
tBlake,  W.  T.  C. 
fBrown,  B.  G.  H. 
fDavidson,  A.  R. 
fEdwards,  A.  J.  C. 
tGawler.  0. 


IGopp,  J.  I. 
fGranger,  C.  K. 
fLafford,  H.  G. 
fMaddex,  G.  H. 
tMarshall,  A.  W. 
tMoore,  W.  R. 


tOwen,  D.  J. 
fSavory,  D.  S. 
fTayler,  H.  H. 
fThompson,  F.  A. 
fWeyer,  D. 
fWoffindin.  R.  H. 


Part  IV. — Section  C. 

One  candidate  presented  himself  for  this  Section  and  passed,  namely 

tMaddex,  G.  H. 


Tliose  marked  (t)  have  now  completed  the  Bxamination  for  the  Class  of  Fellow. 

By  Order  of  the  Council, 

C.  R.  V.  COUTTS, 

Chairman  of  Board  of  Examiners. 

H.  M.  TROUNCER, 
A.  C.  THORNE, 

Joint  ELonorari^  Secretaries. 
7  September  1920. 

VOL.   Lll.  R 
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PROCEEDINGS   AT   THE   ANNUAL    GENERAL   MEETING. 

The  Seventy-Third  Annual  General  Meeting  of  the  Institute  of 
Actuaries  was  held  in  Staple  Inn  Hall,  Holborn,  on  Monday,  7  June  1920, 
Mr.  Geoffrey   Marks.  C.B  E.   (President),  in  the  Chair. 

The  President,  in  moving  the  adoption  of  the  report  and  accounts, 
was  glad  to  be  able  to  call  attention  to  the  fact  that  during  the  year  under 
review  the  fall  in  the  membership  had  been  arrested.  He  hoped  that  the 
upward  movement  in  their  numbers  would  now  continue,  and  this  hope  was 
strengthened  b}'  the  very  large  number  of  probationers  who  had  entered 
during  the  past  year,  amongst  them  being  twelve  women.  The  number  of 
women  who  had  entered  was  not  so  large  as  he  had  expected,  but  he  thought 
it  was  a  sufficient  justification  of  the  action  of  the  Council  and  of  the 
members  in  throwing  open  the  doors  of  the  Institute  to  the  other  sex.  He 
would  refer  very  briefly  to  the  deaths  of  a  few  members  of  the  Institute, 
amongst  them  being  three  of  the  older  members,  Mr.  Adlard,  Mr.  Pearson 
and  Mr.  Coles.  Mr.  Adlard  was  well  known  to  many  of  tlie  memliers  of 
the  Institute,  and  he,  like  Mr.  Pearson,  was  one  of  those  older  actuaries  who 
had  always  been  regarded  with  great  respect,  and  in  many  cases  with 
affection,  largely  on  account  of  their  personal  qualities  and  their  general 
kindness  to  and  interest  in  the  welfare  of  the  younger  members.  Mr. 
Pearson  was  almost  a  tradition  in  the  Institute  ;  he  became  a  member  of  the 
old  Institute  of  Actuaries'  Club  as  far  biick  as  1864.  i\Ir.  Adlard  became 
a  member  of  the  Actuaries'  Club  about  1890,  some  thirt}'  years  or  more 
ago.  He  had  retired  for  some  time,  but  liis  two  sons  would  carr\'  on  his 
name  and  his  memory.  ]\Ir.  Coles  was  an  actuary  who  left  the  profession 
to  take  up  financial  work,  witli  great  success,  but  he  had  always  maintained 
his  interest  in  the  Institute  and  had  devoted  his  financial  experience  to  the 
benefit  of  his  office.  Mr.  Home  was  a  barrister  as  well  as  an  actuary  and 
was  not  well  known  to  the  members  personally,  because  he  practised  in 
Shanghai.  Quite  recently  the  Council  had  received  the  news  of  Mr. 
Townley's  sudden  death,  which  seemed  especiallj'  lamentable  in  view  of  the 
short  interval  wliich  had  elapsed  since  the  equally  sudden  deaths  of 
Sir  Thomas  Whittaker  and  of  Mr.  Vyv3'an  Marr.  He  liad  known  Mr. 
Townlej'  from  a  long  association  personally,  and  he  had  had  a  very  high 
respect  for  his  capacity  :  he  was  one  of  the  sound  men  from  whom  he  lioped 
much,  not  only  because  he  was  thoroughly  qualified  as  an  actuary  but 
because  he  took  a  personal  interest  in  and  studied  questions  outside  the 
immediate  range  of  actuarial  science,  questions  with  which  actuaries  in  their 
practical  work  were  constantly  brought  into  contact.  His  death  was  a  loss 
to  the  profession  both  on  the  professional  and  on  the  business  side,  and  it 
was  greatly  to  be  regretted. 

Tlie  accounts  showed  an  excess  of  expenditure  over  income  of  about  £150. 
a  deficit  which  was  mainly  due  to  the  expenditure  on  the  special  lectures  and 
to  the  fact  that  last  year,  as  on  some  previous  occasions,  the  Institute  had 
undertaken  to  revalue  the  funds  of  the  Royal  Patriotic  Fund  Corporation. 
In  connection  with  the  expenditure  on  the  lectures  he  would  like  to  say  that 
he  thought  the  attendance  was  somewhat  disproportionate  to  the  expense 
which  they  entailed.  He  mentioned  last  year  that  whether  the  lectures 
would  be  continued  or  not  would  depend  on  whether  the  Council  found  that 
sufficient  interest  was  shown  in  them  by  the  members  to  warrant  their 
continuance.  Having  regard  to  the  character  of  the  lectures  and  the 
subjects  with  which  they  dealt,  it  was  doubtful  whether  the  interest  shown 
in    them    afforded   justification    for  their  continuance.     The   Council  was 
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giving  serious  attention  to  the  question  of  the  annual  expenditure, 
particularly  under  the  item  of  the  printing  and  publications  of  the  Institute, 
a  subject  which  had  formed  a  topic  of  discussion  at  several  Council  meetings 
recently,  and  would  come  up  again  at  the  first  Council  meeting  held  after 
that  Annual  Meeting.  It  was  a  serious  matter  and  one  to  which  very  close 
attention  must  be  given.  Me  had  nothing  to  sa\-  with  regard  to  the  balance 
sheet  except  to  call  attention  to  the  fact  that  the  assets  which  were  there 
enumerated  had,  since  the  Report  was  printed,  been  realized,  and  the  proceeds 
re-invested  in  short  dated  securities.  That  was  a  course  which  commended 
itself  to  the  i'inance  Committee  and  the  Council  as  being  in  some  measure 
a  protection  against  the  constant  depreciation  from  which  the  funds  of  the 
Institute  had  suffered  during  the  last  few  years. 

Quite  recentl}',  on  the  loth  May,  the  Belgian  Institute  of  Actuaries 
celebrated  the  twenty-fifth  anniversary  of  their  foundation,  and  the  Council, 
feeling  sure  that  it  would  be  the  wish  of  the  members  that  a  cordial  message 
of  goodwill  should  be  sent  to  them,  appointed  a  delegation  which  consisted 
of  Mr.  Woods  (past-president),  Mr.  Besant  (vice-president)  and  Mr. 
Bearman — who  was  in  Paris — to  attend  the  meeting  and  represent  the 
Institute  and  transmit  to  them  the  following  resolution  : — "  That  the 
"'  Council  of  the  Institute  of  Actuaries  desire,  through  their  delegates,  to 
■■  express  their  lively  sense  of  the  great  .services  which  the  Association  of 
•'  Belgian  actuaries  has  rendered  to  actuarial  science  during  the  past  quarter 
"  of  a  century  and  to  wish  the  Association  long  endurance  and  every  success 
"  in  the  future." 

The  public  work  of  the  Institute  continued  to  extend,  and  during  the 
|)ast  j-ear  the  Council  had  been  invited  by  the  Lords  of  the  Treasurj-  to  give 
assistance  on  actuarial  questions  in  connection  with  the  reparation  clauses 
of  the  Treaty  of  Peace  with  Germany.  Tlie  Council  had  appointed  a 
Committee  to  deal  with  the  matter.  The  Council  had  presented  to  the 
governing  body  of  the  Royal  Patriotic  Fund  Corporation  the  valuation  of 
their  funds  as  at  the  end  of  1918,  and  he  thought  that  one  result  of  that 
valuation  had  been  the  amalgamation  of  certain  of  the  funds,  a  necessity 
which  had  been  impressed  upon  them  almost  every  time  that  the  Council 
had  undertaken  the  valuation.  As  was  well  known,  the  Presidetit  of  the 
Institute  was  ex  officio  a  meniiier  of  the  governing  body  of  the  Corporation, 
and  his  predecessors  in  the  past  had  made  a  point  of  the  consolidation  of 
the  smaller  funds,  but  only  now  had  they  been  able  to  influence  the 
Corporation  to  adopt  the  suggestion.  A  Committee  of  the  Council  had 
submitted  its  views  witli  regard  to  improvements  in  the  forms  to  be  used 
for  obtaining  information  in  connection  with  the  next  census.  They  were 
asked  to  do  tliat  for  the  Census  Department,  and  he  tliouirht  that  the  Koyal 
Statistical  Society  also  had  appointed  a  Committee  which  made  a  report  veiy 
much  on  the  same  lines.  It  was  hoped,  therefore,  that  in  the  forthcoming 
Census  there  miglit  be  certain  improvements,  both  in  the  form  and  in  the 
presentation  of  statistics,  which  would  make  them  even  more  valuable  than 
in  the  past. 

He  would  like  to  commend  the  Students'  Society',  which  liad  resumed  its 
useful  and  manifold  activities,  to  the  notice  of  the  younger  members,  with 
a  view  to  securing  for  it  all  possible  support,  not  only  because  it  was  a 
good  thing  that  young  men  should  be  active  in  the  discussion  of  problems 
that  came  before  them,  but  because  he  believed  it  to  be  a  very  valuable 
training  ground  for  them,  not  only  in  debate  but  also  in  the  practical  views 
which  were  very  necessary  to  success  in  their  future  careers. 

]\Iany  members  of  the  Institute  had  taken  part  in  various  forms  of  ]iublic 
work  during  the  past  year;  he  did  not  propose  to  refer  to  them  individually, 
but  would  call  attention  to  the  appearance  in  the  Honours  List  of  the  names 
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of  several  members,  particularly  Mr.  Elderton,  Mr.  Falk,  and  Sir  Alfred 
Watson.  He  was  sure  tliere  was  no  one  in  that  Hall  to  whom  it  was  not  as 
gratifying  as  it  was  to  him  to  be  able  to  congratulate  Sir  Alfred  Watson  on 
the  signal  honour  he  had  earned,  not  only  by  his  personal  capacity  but  by 
his  devotion  to  one  of  the  noblest  aims  of  any  man,  namely,  the  weltare  oi 
the  State.  Sir  Alfred  had  been  called  into  consultation  in  a  great  many 
matters  which  liad  not,  perhaps,  any  intimate  connection  with  tlie  work  of 
the  actuary,  but  in  which  his  knowledge  and  tact  liad  been  of  very  great 
assistance  to  the  Government. 

Mr.  A.  D.  Bksant,  in  seconding  the  motion,  said  the  President  Iiad 
covered  almost  the  whole  field  in  liis  survey  of  the  work  of  the  Institute  during 
the  past  year,  but  there  were  just  one  or  two  points  on  which  he  might  touch. 
The  present  report  was  in  effect  the  first  peace  time  report,  but  it  still 
included  deaths  on  war  service,  and  he  found,  on  examining  the  past  reports, 
that  the  Institute  had  lost  on  war  service  43  of  its  members  and  3(5  proba- 
tioners. The  visit  of  the  delegation  to  the  Belgian  Institute  was  exceedingly 
interesting.  There  were  delegates  from  Holland.  France,  Sweden  and  other 
countries.  He  thought  a  deep  debt  of  gratitude  was  owing  to  Mr.  Todhunter 
and  Mr.  Spencer,  the  joint  Editors  of  the  Journal,  for  having  throughout 
the  long  period  of  the  war  produced  the  Journal  at  intervals  of  six  months, 
without   fail. 

On  the  motion  of  Mr.  Maunder,  seconded  by  Mr.  Taylek,  Messrs. 
Hazell,  Garment,  and  A.  S.  Sellar  were  elected  Auditors  for  the  ensuing 
year. 

Mr.  Taen,  in  proposing  a  hearty  vote  of  thanks  to  the  President,  the 
Vice-Presidents,  the  Council  and  the  Officers,  including  the  Assistant 
Secretary,  for  their  services  during  the  past  year,  congratulated  Mr.  Marks 
on  the  fact  that  his  term  of  office  had  been  marked  by  the  declaration  of 
peace,  and  referred  to  the  two  important  events  that  had  occurred  during  the 
past  year,  namely,  the  admission  of  women  to  membership  and  the  resump- 
tion of  tlie  examinations.  He  was  glad  to  find  that  the  Assistant  Secretary 
was  included  in  the  resolution,  because  everyone  knew  of  his  courtesj'  and  the 
great  help  he  gave  to  all  members  of  the  Institute,  especially  the  younger  ones. 

Mr.  JMoKAX  seconded  the  motion,  which  was  carried  unaniniiously. 

The  President,  in  acknowledging  the  vote,  thanked  the  members  in  his 
name  and  in  that  of  the  Vice-Presidents,  the  Council  and  the  Officers.  He 
would  like  to  add  to  what  ^Ir.  Tarn  had  said  his  ver}'  hearty  thanks  to  all 
the  officers,  members  of  Council  and  Mr.  Jarvis  for  all  they  had  done  to  help 
him  during  his  term  of  office.  He  laid  that  office  down  with  great  regret, 
but  thankful  to  all  for  their  election  of  him  and  for  giving  him  their  support 
during  the  somewhat  trving  time  of  reconstruction.  He  hoped  he  had  done 
nothing  to  dim  the  traditions  of  the  office  and  he  trusted  that  the  same 
supi)ort  and  confidence  which  had  been  given  to  him  would  be  extended  to 
his  distinguished  successor. 

A  vote  of  thanks  to  the  Auditors,  Messrs.  Humphry,  Hazell  and  Carnient, 
for  their  services  during  the  past  year  was  carried  unanimousl}\ 

Electiox   of   Officers. 
The    repoi't    having    been    unanimously    ado])ted,   a    ballot    was   taken 
for  the  election  of  new  members  of  the  Council.    The  President  subsequentlj- 
announced  tluit  the  Officers  and  Council  for  the  ensuing  year  would  he  as 
follows : 

President. 
SiK  Alfred  Willl^m  Watson,  K.C.B. 

Vice-Presidents. 

SiE  Joseph  Buen,  K.B.E.  1    Abraham  Levine,  M.A. 

J.41IES  Douglas  Watson.  William  Palin  Elderton, C.B.K. 
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Voxndl. 

Samuel  John  Henky  Wallis  Hemjv  Edwaud  Melville. 

Allin,  C.B.E.  *HkxkvJohn  PekcyOakley,  M.C. 

Hekijekt  Henry  Austin.  *Willia3li;  Penman. 

Henky  James  Bakek.  William  Peyton  Phelps,  ^M. A. 
*Akthue  Rhys  Barrand,  M.F.  William  Charles  Sharman. 

8iR  Joseph  Burn,  K.B.E.  *Prank  Percy'  Symmons. 

Louis  Ernest  Clinton.  Alfred  Charles  Thorne. 

William  PalinEldkrton, C.B.E.        Harold  Moltke  Trouncer,  M.A. 

*Aleked  Henry.  Samuel  George  Warner. 

Lewis  Frederick  Hovil.  Sir    Alfred    William    Watsun, 

Charles  William  Kenchington.  K.C.B. 

Abraham  Levine,  MA.  .Iames  Douglas  Watson. 

George  James  LiDSTONEjF.R.S.E.       Arthur  Thomas  Winter. 

Harold  Edward  William  Lutt.       Ernest  Woods. 

Geoffrey  Marks.  C.B.E.  William  Arthur  Workman. 

Reginald  George  Maudling. 

"  Not  Member.s  uf  tlie  last  Council. 

Treasurer. 
Louis  Ebedeeick  Hovil. 

Honorary  Secretaries. 
Harold  Moltke  Thounckr,M. A.    |    Alfred  .Charles  Thornk. 

Mr.  Marks  then  vacated  the  chair,  which  was  taken,  amidst  great 
applause,  by  Sir  Alfred  Watson,  who  said  it  was  impossible  for  him  to 
tind  other  words  than  those  which  had  been  used  by  a  long  succession  of  his 
distinguished  predecessors  in  thanking  the  Institute  for  the  honour  which 
it  had  conferred  upon  him.  It  was  a  proud  moment  in  the  life  of  any 
professional  man  when  be  reached  the  headsliip  of  his  professional  body,  and 
he  apprehended  that  if  he  was  properly  constituted  his  accession  to  office 
must  be  accompanied,  not  only  b}'  a  deep  sense  of  humility  in  snrveying  the 
tasks  that  lay  before  him  and  the  responsibilities  which  he  had  undertaken, 
but  also  by  a  high  sense  of  resolve  that  he  would  do  that  which  in  him  la}' 
to  justify  the  choice  which  his  professional  associates  had  made.  That  was 
his  profound  and  sincere  feeling,  and  it  was  with  those  thoughts  uppermost 
in  his  mind  that  he  thanked  the  members  most  sincerely  for  the  endorsement 
they  had  just  given  of  the  choice  made  by  Council  in  electing  him  to  the 
presidential  chair.  He  would  like  further  to  say  one  word  with  regard  to 
a  matter  to  which  Mr.  Marks  had  been  good  enough  to  refer.  He  did  feel  a 
sense  of  profound  pleasure  and  satisfaction  in  the  honour  which  it  had 
pleased  His  Majesty  to  confer  upon  him,  and  with  no  sense  of  false  modesty 
would  he  attempt  to  decry  the  satisfactio4i  which  he  felt.  But  he  also  felt — 
and  those  who  knew  him  best  would  realise  how  sincere  he  was — deep 
satisfaction  in  that  it  had  fallen  to  his  lot  to  raise  to  a  certain  status  in  the 
Civil  Service  the  otRce  which  he  held,  and  which  he  held  in  trust,  as  the  first 
occupant,  for  those  who  would  follow  him.  It  was  veiy  largely  from  that 
point  of  view  and  from  the  point  of  view  of  the  profession  that  he  felt  such 
profound  satisfaction  in  the  honour  that  had  just  been  given  to  him.  Such 
else  as  he  had  to  say — and  there  might  be  a  good  deal — he  would  reserve 
until  November,  except  one  point.  Remarkable  figures  had  been  read  out 
by  Mr.  Besant  as  to  the  number  of  members  killed  in  action.  Seventy- 
nine  members  or  probationers  of  the  Institute  had  died.  Out  of  a  body  of 
about  twelve  hundred,  many  of  whom  were  above  military  age  and 
large  numbers  of  whom  were  kept  on  their  civilian  duties  by  the  exigencies 
of  the  time,  that  was  a  remarkable  proportion,  and  testified  to  the  manner 
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in  which  such  a  siuall  professional  body  had  done  its  share  in  bringing  about 
the  position  of  security  in  which  we  could  all  conduct  our  daily  business. 
Those  men  who  went  to  the  war  did  their  duty  nobly,  and  the  price  that  the 
Institute  had  paid  had  been  xery  heavy.  A  high  ideal  of  duty  had  been  set, 
and  he  thouglit  he  could  promise  for  the  incoming  Council  tliat  no  steps 
should  be  left  untaken  on  their  part  to  lire  up  to  that  ideal  and  to  do  their 
best  to  discharge  the  trust  committed  into  their  hands.  In  conclusion,  he 
would  remind  the  members  of  what  Mr.  Marks  could  not  say  himself,  but 
what  certainly  had  to  be  said —that  during  Mr.  i\Iarks's  term  of  office  he 
had  upheld  the  high  traditions  of  the  presidency  in  a  very  conspicuous 
manner.  He  had  been  called  upon  to  discharge  many  public  duties  and  had 
created  what  was  a  record  for  the  Institute  and  probably  for  the  head  of 
aii}^  profession,  in  that  during  his  period  of  service  as  President  he  had 
served  with  great  industry  and  abilit}'  on  two  Royal  Commissions.  That 
was  a  fact  of  which  the  Institute  was  entitled  to  be  very  proud. 
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The  following  works  have  been  added  to  the  Library  since 
the  publication  of  the  Journal  for  October  1919  : 

By  whom  presented 
{when  not  purchased). 
Accouutants  and  Auditors,  Society  of. 

List  of  Members,  etc.,  1920.  The  Swiett/. 

Actuarial  Society  of  America. 

I'ransactions,  1919.  The  Society. 

Containing,  iitter  alia — 

"Taxation — especially    in     its    bearing    on     Life 

Assurance",  by  H.  Moir. 
"Should    the    'American    Men'    Mortiility    Table 

(A.M.)    be     the     basis    for     Premiums    and 

Reserves",  by  A.  Hunter. 
"Heart  Murmurs.    Their  influence  on  Mortality", 

by  Dr.  O.  H.  Rogers  Hud  A.  Hunter. 
"Gain  and  Loss  on  Annuity  business",  by  J.  W. 

Tebbetts. 
"  Formulae  used  by  various  companies  in  compntinc: 

the    expected    mortality    on     net   amouut    at 

risk  ",  by  E.  G.  Fassel. 
"The    Influenza    Kpidemic    of    1918",   by   J.    D. 

Craig  and  Dr.  L.  1.  Dublin. 
"  Principles     involved    in    comparing     Mortality 

Tables,   with   apjilication    to  certain    modern 

tables  and  to  historical  survey  of  Connecticut 

Mutual  Ultimate  Mortality",   by    H.   J.   E. 

Rice. 

Actuaries,  Faculty  of. 

Transactions,  1919-1920.  The  Faculty. 

Containing,  inter  alia — 

"  An    analysis   of    the    Profit    from     Endowment 
Assurance    and    Whole     Life    Policies ",    by 
W.  A.  Robertson  and  A.  G.  R.  Hrowii. 
"Inaugural  Address",  by  Dr.  A.  E.  Sprague. 
"The  Selection  of  Lives",  bv  L.  P,  On-. 
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Actuarial  Society  of  New  South  Wales. 
Proceedings,  1918. 

Actuarial  Society  of  Scandinavia. 

Transactions,  1919-20. 

American  Mathematical  Society. 
Tniusactions,  1919-20. 

American  Statistical  Association. 
Transactions,  1919-20. 

Archer  (J.  A). 

Tables  for  the  repayment  of  Loans,  etc.  .5th  edit. ') 
La.  8vo.     1919.  ) 

Association  des  Actuaires  Beiges. 
Bulletin  of  the. 

Association  of  Life  Insurance  Medical  Directors   of  America. 
Abstract  of  Proceedings,  1917-18,  1919-20. 

"  Biometrika." 

Vol.  XII,  Parts  III  and  IV. 
Containing,  inter  alia — 

"  On  the  mathematical  expectation  of  the 
moments  of  Frequency  Distribution ",  by 
A.  A.  Tchouproff. 
■'  On  generalised  Tchebvcheff  theorems  in  the 
mathematical  theory  of  Statistics",  by 
Prof.  Karl  Pearson. 
"  On  the  degree  of  perfection  of  Hierarchical 
Order  among  correlation  coefficients  ",  liy 
Dr.  G.  H.  Thomson. 

Blaschke  (Dr.  E.). 

Die    Ausgleichung    von    Absterbeordnungen    aus    der 
Bev5lkerungsstatistik.     4to.     Wien.     1917. 

Brussels. 

Compte  Uendu  des  Operations  et  de  la  Situation  de  la  '\ 
Caisse  Generale  d'Epargne  et  de  Retraite,  1913,  ;■ 
1914.  ) 

Cannan  (E.). 

The   Paper  Pound    of    1797-1821.     A  reprint  of    the, 
Bullion  Report.     8vo.     1919.  ) 

Carnegis  Foundation  for  the  Advancement  of  Teaching. 

Fourteenth  Annual  Report  of  the  President  and  of  ) 
the  Treasurer.     4to.     Boston,  Mass.     1919.  > 

Casualty  Actuarial  and  Statistical  Society  of  America. 
Proceedings,  1919. 
Containing,  i>ite>-  alia — 

"On  the  graduation  of  Frequency  Distributions", 
by  H.  C.  Carver. 

Chalmers  (B.). 

A  History  of  Currency  in  the  British  Colonies.  8vo.  > 
1893.  ) 
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The  Society. 

The  Association. 

The  Publishers. 

The  AssociatioH. 
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The  Author. 


The  Belgian 
Government. 


Purchased . 


C-T.  J.  Lidstone. 


The  Society. 


Purchased . 
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Chartered  Insurance  Institute.  Journal  of  the. 
Vol.  XXII.     8vo.     1919. 

Denmark. 

Beretning  fra  Forsikringsraadet  for  aaict  1919.  ! 

Deutscher  Verein  fiir  Versichemngs-Wissenschaft. 

Zeitsclirift  f lir  die  gesamte  Versichoruus's-Wissenschaft.  / 
1914-1920.    '  "  Jl 

Dbring  (C). 

Die     Bevolkerungsbeweguiig     in     Weltkreig.        8vo.  ^ 
Copenhagen.     1919-20.'^  3 

Economic  Society  (Eoyal). 

Jouinal  of  the,  1919-20. 

Eugenics  Lecture  Series. 

XI.  Xatioiial  Life  from  the  standpoint  of  Science,  by  ^ 
Prof.  Karl  Pearson.     Sm.  8vo.     1905.  ( 

XII.  The  Function  of  Science  in  the  modern  State,  by  \ 
Prof.  Karl  Pearson.     Sm.  Svo.     1919.  -^ 

France. 

Receuil  de  Documents  relatifs  aux  Assurances  sur  la 
vie.  Sixieme  Rapport  sur  le  functionnement  dn 
eontrole  des  Societes  d'assurauce  sur  la  vie  et  des 
Societes  de  Capitalisation  pendant  les  annees  1912 
and  1913.     8vo.     Paris,  1920. 

Receuil  de  Documents  relatifs  aux  Assurances  sur  la 
vie  reunis  par  le  Ministere  du  Travail  et  de  la 
Prevovance  Sociale.  No.  2.  Reglementation  du 
ContriMe.     Svo.     Paris,  1919. 

Frankel  (Dr.  L.  K.)  and  Dr.  L.  I.  Dublin. 

Influenza    ^lortahty    among    wage    earners  and    tlieir ) 
families.     New  York,  1919.  i 
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Government. 


The  Society. 


Purchased, 
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The  French 
Gorernmenf. 


The  Avthor.t. 


Fraternal  Actuarial  Association. 

Proceedings    and    Papers,    1918-1920.    Svo.    Boston,  \     xhe  Association. 
Mass.  j 

Gephart  (W.  F.). 

Effects   of    the  War    upon    Insurance,    witli    special  ^ 

reference   to   the   substitution   of    insurance   for  ^  The  Author. 

pensions.     Svo.     New  York,  1918.  ) 

Hendriks  (F.). 

Contributions  to  the  History  of  Insurance  and  of  the 
Iheory  of  Life  Contingencies.  With  a  restoration 
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by  T.  Yano.     4to.     Tokio.  ) 

JofFe  (S.  A.). 
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Kemmerer  (Dr.  E.  W.). 
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Keynes  (J.  M.). 
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Notes  prepared  by  E.  J.  MacGillivray,  LL.B.,on  British  t 
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Liverpool  (Charles.  Earl  of). 

Treatise  on  the  Com  of  the  Realm. 
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Loewry  (Dr.  A.). 

Znr  Theorie  und  Anwendung  der  Intensitaten   in   der  "^ 
Versicherungsmatheraatik.     Heidelberg.     1917.     ) 

Loudon  Mathematical  Society. 
Proceedings,   1919-20. 

Manes  (Dr.  A.). 
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Morgan  (William). 

Facts  addressod  to  the  serious  attention  of  the  people  "\ 
of  Great  Uritain  respecting  the  expense  of  the  ' 
War  and  the  state  of  the  National  Debt.  And  ( 
other  papers.     8vo.     1796-1801.  ) 

National  Health  Insurance. 

Reports  of  Medical  Research  Committee.  8vo.  "^ 
1919-20.  3 

Newsholme  (Sir  Arthur,  K.C.B.,  M.D.). 

Public  Health  and  Insurance:  American  Addresses.'^ 
8vo.      Baltimore.     1920.  ) 

Northcote  (Sir  Stafford  H.,  Bart.). 

Twenty  years  of  financial  policy.  A  summai'v  of  the 
chief  financial  measures  passed  between  1842  and 
1861,  with  a  table  of  Budgets.     8vo.     1862. 

Norway. 

Forsikringsselskaper.  Beretning  fra  Forsikringsraadet,  \ 
1912-1917.     8vo.     Kristiania.     1915-19.  ) 

Overstone  (Lord). 

Collection  of  Tracts  and  other  publications  on  Paper  '/ 
Currency  and  Banking.     8vo.      18.57.  Ji 

Palgrave  (R.  H.  Inglis). 

Dictionary  of  Political  Economy.  3  vols.  8vo.  1917-  I 
1919.  ) 

Parliamentary  Papers. 

Assurance  Companies.  Uetnrus  to  the  Board  of  1 
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Colonies. 

Canada. 

Report  of  the  Superintendent  of  Insurance  for  ^ 

the  year  1918.  f 

Insurance  Companies.    Abstract  of  .Statements  ( 
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Commonwealth  of  Australia. 
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1917.      '^  ) 

New  South  Wale's. 
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Official  Year  Book,  1919. 
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Government  Insurance  Department.     Annual 
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India. 

Life  Assurance  Companies.   Returns  of  Companies 
doing  business  in  British   India,  1918.     Fol. 
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Currency,    with    .Minutes    of    Evidence    and  [ 
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Eighty-first  Annual  Report  of  Births,  Deaths,  and 
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Born  2g  March  iSjo.      Vied  2g  November  ig20. 


JJr.  sprague  remained  in  complete  retirement  from  all 
matters  actuarial  for  fully  twenty  years  before  his  death,  and 
it  is  therefore  difficult  for  the  present  generation  to  realize  how 
unrivalled  was  his  supremacy  forty  to  sixty  years  ago.  The 
voung  men  of  those  distant  days  stood  afar  off  and  worshipped  ; 
and  yet  he  was  very  approachable  and  considerate,  and  helpful 
to  anv  who  sought  his  assistance  or  advice.  Once  a  friend  he 
was  always  a  friend,  and  generous  in  all  his  thoughts,  and  words, 
and  deeds.  In  his  private  aSairs  it  was  the  same,  and  for  many 
vears  he  was  liberal  with  his  means  in  giving  assistance  to 
deserving  cases  which  came  under  his  notice.  There  are  not 
a  few  now  in  comfortable  circumstances  who  have  to  thank 
him  for  setting  them  on  their  feet  in  times  of  financial  stress, 
and  thus  enabling  them  to  make  a  success  instead  of  a  failure 
of  their  lives. 

Dr.   Sprague  was  a  man  of  action,    whose    actions    were 
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governed  by  theories  formed  after  viewing  the  questions 
impartially,  from  various  sides,  and  which  were  then  tested 
practically,  and  proved  to  be  sound.  He  possessed  a  great 
intellect,  almost  irresistible  force  of  character,  and  unwearying 
industry,  all  combined  with  straightforward  honesty  of  purpose, 
and  candour  in  everything  he  said,  or  wrote,  or  did  ;  and  he 
had  complete  self-confidence,  without  self-conceit  or  undue 
self-esteem.  He  formed  strong  opinions,  which  he  maintained 
with  outspoken  vigour  against  all  opponents  ;  but  he  was  always 
willing  to  reconsider  these  opinions  when  necessity  arose  as  a 
result  of  further  investigations  ;  and,  when  convinced  that 
to  change  an  opinion  was  the  right  thing  to  do,  he  frankly 
acknowledged  the  change,  and  was  ready  to  state  the  reason 
why.  It  must  be  admitted,  however,  that  he  was  sometimes 
rugged,  and  a  little  aggressive,  and  not  always  easy  to  get  on 
with  ;  and  his  earnestness  led  him  on  rare  occasions  to  be  perhaps 
over-vehement  in  his  expressions.  He  had  no  thought  of  being 
personally  discourteous,  or  of  hurting  the  susceptibilities  of 
those  to  whom  he  was  for  the  moment  in  opposition.  The 
opinions  were  attacked,  and  not  the  persons.  These  characteristics 
come  out  clearly  in  his  voluminous  writings,  and  more 
particularly  in  his  Presidential  Addresses. 

During  his  long  connection  with  the  Institute  of  Actuaries 
he  was  to  a  large  extent  its  guiding  spirit,  and  he  did  much  to 
mould  its  destinies,  and  to  bring  it  up  to  its  present  position  of 
world-wide  influence.  In  saying  this,  however,  we  cannot  forget 
the  services  in  the  same  direction  of  many  other  eminent  men, 
whom  we  have  always  been  proud  to  honour  ;  and,  if  any  one 
of  these  should  be  individually  mentioned,  he  is  Charles  Jellicoe, 
the  second  President,  and  the  first  Editor  of  the  Journal,  of 
whom  Dr.  Sprague  himself  said  in  his  first  Presidential  Address, 
that  the  Institute  and  the  profession  owed  more  to  him  than  to 
anv  other  single  person. 

In  preparing  this  memoir,  an  effort  has  been  made,  not  so 
much  to  review  Dr.  Sprague's  writings,  as  to  educe  from  them 
his  character,  and  to  make  the  man  stand  forth  as  he  was,  so 
that  even  those  may  see  him  who  never  had  the  privilege  of 
meeting  him,  and  of  associating  with  him  :  but  the  task  has 
not  been  an  easy  one. 

Thomas  Bond  Sprague  was  born  on  29  March  1830,  and 
was  the  eldest  son  of  Thomas  Sprague  of  London,  wholesale 
stationer.     He  was  educated  at  Tarvin  Hall,  a  private  school 
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near  Chester,  under  the  Head  Mastership  of  Dr.  John  Brindlev. 
While  at  school,  he  distinguished  himself  so  much  in  mathematics 
that  Dr.  Brindlev  advised  his  father  to  send  him  to  Cambridge, 
and  he  accordingly  entered  St.  John's  College  as  a  Sizar.  At 
the  end  of  his  first  year  he  became  a  Proper  Sizar,  and  in 
consequence  of  the  excellent  places  he  took  in  the  College 
examinations,  he  became  in  due  course  a  Scholar. 

In  1853  he  achieved  the  highest  academic  honours  possible  in 
mathematics,  being  Senior  Wrangler  and  First  Smith's 
Prizeman  ;  and  in  the  same  year  he  was  elected  a  Fellow  of 
St.  John's  College,  and  appointed  one  of  the  College  Lecturers. 
About  this  time  he  also  qualified  in  law  and  was  called  to  the 
bar,  having  in  view  the  law  as  his  future  profession.  But  he 
became  engaged  to  be  married  ;  and.  progress  in  the  law  being  slow, 
he  sought  a  career  which  would  be  more  immediatelv  remunerative. 
He  selected  Life  Assurance  ;  and  entered  the  Eagle  Insurance 
Companv  in  1855  as  a  pupil  of  the  late  Charles  Jellicoe.  and  thus 
became  one  of  the  distinguished  group  who,  in  after  life,  achieved 
great  success. 

After  holding  some  minor  appointments,  Dr.  Sprague  was. 
for  a  short  time,  Actuary  of  the  then  Liverpool  and  London 
Assurance  Company,  until  in  1861  he  was  appointed,  at  the  age 
of  31,  Actuary  and  Secretary  of  the  Equity  and  Law  Life 
Assurance  Society,  with  which  society  he  remained  for  twelve 
years.  In  1873  the  management  of  the  Scottish  Equitable 
Life  Office  became  vacant,  and  the  Directors  sent  a  deputation 
to  London  to  choose  a  manager  ;  and,  after  careful  consideration, 
they  offered  the  post  to  Dr.  Sprague,  who  accepted  it.  This 
involved  his  removal  to  Edinburgh,  but  it  did  not  diminish  his 
interest  in  the  Institute  of  Actuaries,  and  he  was  very  frequently 
in  London  to  give  his  time  and  attention  to  Institute  matters. 
In  1900,  after  being  manager  of  the  Scottish  Equitable  for 
twenty-seven  years,  he  finally  retired  from  active  business  life. 

In  1893  the  University  of  Aberdeen  conferred  on  him  the 
degree  of  LL.D.,  the  diploma  being  dated  the  6th  of  Aprijof  that 
vear.  Hence,  in  this  memoir,  the  name  and  title  "  Dr.  Sprague  " 
are  used  throughout,  for  the  sake  of  uniformity,  and  also  because 
that  designation  is  more  familiar  to  the  present  generation  of 
actuaries. 

Dr.  Sprague  was  elected  Associate  of  the  Institute  of 
Actuaries  on  25  February  1856,  and  was  not  long  in  giving 
evidence  of  his  energies.     His  first  paper,  under  date  October 
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1856,  is  to  be  found  in  the  Institute  Journal,  vol.  vi,  and  is 
a  short  one  on  a  certain  method  of  distributing  surplus.  He 
was  elected  a  Fellow  of  the  Institute  on  30  November  1857.  and 
within  a  few  months  he  contributed  his  second  paper,  dated 
July  1858,  on  the  Terms  upon  which  the  Business  of  one  Insurance 
Company  may  be  equitably  transferred  to  another.  That 
paper  appears  in  vol.  vii  of  the  Journal,  and  on  subsequent 
occasions,  when  the  failures  of  the  Albert  and  of  the  European, 
in  1869  and  1872  respectively,  had  brought  the  question  into 
prominence,  he  wrote  other  papers  on  analogous  subjects. 

Dr.  Sprague  was  elected  to  the  Council  of  the  Institute  for 
the  first  time  in  1863.  and  he  remained  a  member  without  break 
until  his  final  retirement  from  business  in  1900,  a  total  period  of 
thirty-eight  years,  which  is  a  record.  He  became  Editor  of  the 
Jourmil  of  the  Institute  in  1867.  succeeding  his  former  chief, 
Mr.  Charles  Jellicoe,  who  was  the  first  Editor ;  and  he  retired 
from  the  editorship  in  1883.  having  occupied  the  post  for  over 
sixteen  years.  The  volumes  of  the  Journal  published  during  his 
editorship  bear  witness  to  his  activity  and  zeal.  Before  retiring 
from  the  editorship,  he  prepared  the  index  of  the  first  twenty 
volumes  of  the  Journal. 

Dr.  Sprague  was  elected  President  of  the  Institute,  the 
eighth  President,  in  1882,  and  occupied  the  presidential  chair 
for  four  eventful  years,  as,  during  his  Presidency,  the  Institute 
received  its  Charter.  In  1871  he  was  elected  Fellow  of  the 
Faculty  of  Actuaries  in  Scotland,  and  was  President  from  1894 
to  1896.  No  one  else  has  occupied  the  Presidential  chairs  of 
both  the  Institute  and  the  Faculty.  He  was  also  President  of 
the  Actuarial  Society  of  Edinburgh  on  three  occasions,  1874, 
1882  and  1891.  That  Society  was  dis.solved  in  1901,  its  functions 
being  taken  over  by  the  Faculty. 

Dr.  Sprague's  unwearying  devotion  to  the  Institute  of 
Actuaries,  as  embodying  his  own  high  ideals,  comes  out  clearly 
in  his  first  Presidential  Address,  delivered  on  27  November  1882 
{J. I. A.,  vol.  xxiv,  p.  1).  There  is  nothing  selfish  in  it,  but,  on  the 
contrary,  an  earnest  striving  for  the  raising  of  the  status  of 
the  profession,  and,  through  the  profession,  for  the  good  of  the 
world  at  large.  The  address  consists,  for  the  most  part,  of  a 
brief  but  comprehensive  history  of  the  Institute  from  the 
preliminary  discussions  and  meetings,  which  took  place  early  in 
1848,  and  its  establishment  by  formal  resolution  adopted  on 
8  July  1848,  until  the  time  that  Dr.  Sprague  was  speaking,  on 
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the  eve  of  the  granting  of  the  Charter.  That  history  is  well 
worthy  of  study  even  at  the  present  day. 

There  were  great  difficulties  in  starting  the  Institute  on 
account  of  the  opposition  of  a  small  minority  of  influential  and 
respected  men,  who  seem  to  have  thought  that  professional 
matters  should  be  kept  private,  and  that  publicity  would  be 
injurious  to  the  members  of  the  profession,  by  stimulating  undue 
competition  from  outside  quarters.  It  was  through  these  men 
that  the  long  delay  arose  in  the  granting  of  the  Charter,  but  on 
this  point  Dr.  Sprague  says  that,  on  the  whole,  in  his  opinion  the 
delay  had  been  beneficial,  because  the  Institute  had  thus  been 
left  for  a  period  of  thirty-four  years  to  develop  itself  by  its  own 
resources,  without  any  external  aid  or  encouragement,  and  had 
thus  attained  to  a  high  and  influential  position. 

Dr.  Sprague  looked  upon  the  educational  facilities  provided 
by  the  Institute  for  its  young  members  as  one  of  its  most  important 
functions.  He  thought  that  all  the  young  men  connected  with 
life  assurance  should  be  trained  in  the  scientific  department, 
although  they  could  not  all  secure  high  appointments.  Even 
without  such  high  appointments  they  might  be  very  useful 
members  of  the  profession  ;  and,  should  they  drift  away  from  it 
to  obtain  posts  elsewhere,  their  actuarial  training  would  always 
be  a  great  asset.  It  was,  however,  to  the  encouragement  of 
publicity  that  Dr.  Sprague  attached  the  most  importance,  and 
he  had  no  fear  of  competition.     On  this  point  he  said  : 

"  Very  much  in  consequence,  I  beheve,  of  the  teaching  and 
example  of  the  leading  members  of  the  Institute,  it  has  become 
much  more  the  practice  for  actuaries  to  work  in  the  light  of 
day,  and  to  explain  fully  their  processes,  and  the  reasons  which 
influence  them.  In  the  olden  time  I  believe  it  was  the  custom 
for  actuaries  to  conceal  their  methods,  or  only  to  reveal  them  to 
their  most  favoured  pupils  ;  and,  if  an  actuary  had  constructed 
a  private  mortality  table,  this  was  perhaps  the  most  valued 
part  of  his  stock-in-trade.  These  ideas,  I  think,  may  be  fairly 
said  to  be  now  quite  out  of  date." 

He  adopted  with  high  approval  the  opinions  given  by  others 
in  the  very  early  days  of  the  Institute.  For  instance,  he  quoted 
the  late  Mr.  Peter  Hardy,  the  father  of  the  late  Mr.  R.  P.  Hardy 
who  was  a  friend  of  so  many  of  us,  as  saying  : 

"  The  Institute  was  not  originated  in  any  selfish  feehng  of 
professional  vanity.  Its  founders  took  no  counsel  together 
how  to  narrow  the  access  to  our  profession,  or  how  to  exclude 
other  competitors  than  ourselves  from  a  fair  share  of  its  honours 
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or  emoluments.  It  was  originated  with  a  far  higher,  a  far  nobler 
motive,  in  the  honest  hope  of  educating  the  future  actuary,  of 
improving  among  ourselves  our  present  theories,  and  of  enlarging 
the  bounds  of  that  science  on  which  the  safety  of  so  many 
millions  sterling  depends,  and  in  which  the  social  happiness  of 
so  many  thousand  families  is  involved." 

Also,  he  welcomed  appreciation  from  actuaries  of  other  countries, 
and  quoted,  as  follows,  the  late  Mons.  E.  Maas,  Manager  of  the 
"  Union  "  Company  of  Paris,  a  Corresponding  Member  : 

"  A  few  years  ago  men  engaged  in  the  same  pursuits  were 
envious  of  each  other,  and  endeavoured  to  conceal  all  that 
could  afford  any  improvement  to  their  competitors.  The 
English  people,  moved  by  a  nobler  spirit,  did  not  fear  to  exhibit 
to  all  mankind  the  treasures  of  their  industry,  so  that  everyone 
might  profit  by  their  example,  and  take  advantage  in  imitating 
them.  The  same  feeling  induced  the  Institute  of  Actuaries  to 
convene  the  actuaries  of  all  nations  on  the  native  ground  of 
insurance,  to  participate  in  the  discoveries  of  their  science  and 
the  results  of  their  experience." 

Dr.  Sprague  himself  followed  the  practice  which  lie 
inculcated,  and  many  volumes  of  the  Journal  contain  the  papers 
in  which,  whenever  he  discovered  or  worked  out  anything  that 
he  thought  would  be  useful  to  others,  he  gave  full  details,  and 
kept  nothing  back  for  his  own  private  advantage. 

The  first  great  work  of  the  Institute  in  w^hich  Dr.  Sprague 
took  part  was  the  preparation  of  what  are  now  known  as  the 
Institute  of  Actuaries'  Life  Tables.  On  14  January  1862,  the 
Council  of  the  Institute  of  Actuaries  appointed  the  following 
six  gentlemen  a  Committee  to  carry  through  the  investigations  : 
Messrs.  A.  H.  Bailey,  Archibald  Day,  W.  B.  Hodge,  Charles 
Jellicoe,  T.  B.  Sprague,  and  Robert  Tucker ;  and,  after 
correspondence,  the  Managers  and  Actuaries  in  Scotland 
appointed  six  to  co-operate  with  the  London  Committee.  They 
w^ere  Messrs.  David  Chisholm,  John  M.  McCandhsh,  James 
Meikle,  Samuel  Raleigh,  Alexander  G.  Ramsay,  and  William 
Smith.  To  the  name  of  each  of  these  twelve  gentlemen  we  must 
now^  prefix  the  words  "  the  late  ",  Dr.  Sprague  being  the  last  of 
them  to  pass  aw^ay. 

The  experience  was  that  of  twenty  Offices,  and  was  published 
in  1869,  and  at  the  Annual  Meeting  of  the  Institute  on  5  June  of 
that  year,  ]\Ir.  Samuel  Brown,  the  then  President,  submitted  an 
early  copy  of  the  volume  of  Experience,  and,  in  doing  so, 
specially  referred  to  Dr.  Sprague,  and  to  Dr.  Sprague  only,  for 
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his  efficient  help  in  preparing  the  experience.  At  the  same 
time  he  announced  that  a  scheme  of  notation  was  being  prepared 
hy  the  Council  for  general  use,  and  again  he  mentioned  Dr.  Sprague, 
and  Dr.  Sprague  only,  as  having  given  exceptionally  valuable 
help.  That  scheme  of  notation  was  published  in  the  volume  of 
monetary  tables  based  upon  the  experience,  and  has  since,  with 
extensions,  been  adopted  by  resolutions  of  International 
Actuarial  Congresses  as  the  notation  to  be  used  throughout  the 
world.  The  volume  of  subsidiary  and  monetary  tables  was 
published  in  1872,  the  life  tables  having  been  graduated  by 
Mr.  Woolhouse,  and  the  subsidiary  and  monetary  tables  having 
been  calculated  by  Mr.  Peter  Gray,  whose  name  at  that  time 
was  a  household  word  among  Actuaries. 

The  Albert  failed  on  13  August  1869,  and  the  European  on 
12  January  1872  ;  but,  for  some  time  before  even  the  failure  of 
the  Albert,  there  had  been  ominous  premonitions  that  the 
catastrophes  were  impending,  and  bills  were  introduced  into 
Parliament  whereby  the  promoters  hoped  to  make  such  disasters 
impossible  for  the  future.  The  Council  of  the  Institute  took  a 
very  active  interest,  and  put  forth  strenuous  efforts  to  guide  the 
legislation  in  the  right  direction.  The  first  bill  was  crude,  and 
would  have  done  more  harm  than  good.  The  watchword  of 
the  Institute  was  "  Liberty  with  Publicity  "  :  no  interference 
by  the  State,  but,  instead,  the  publication  in  respect  of  each 
Company  of  summaries  of  its  business,  of  the  particulars  for 
valuation,  and  of  the  principles  followed,  sufficient  to  enable 
outside  actuaries  to  judge  as  to  its  real  position.  The  result 
was  the  Act,  passed  on  9  August  1870,  which,  by  general  consent, 
is  held  to  have  worked  well,  and  which  has  now  been  superseded 
by  the  Act  of  1909  on  very  similar  but  somewhat  extended 
lines  as  regards  Life  Insurance,  but  which  also  provides  for 
Insurance  business  of  all  other  classes. 

Dr.  Sprague  was  one  of  the  foremost  advocates  of  Liberty 
with  Publicity,  and  on  25  April  1870,  when  the  Bill  was  before 
Parliament,  he  read  a  paper  {J. I. A.,  vol.  xv,  p.  411)  on  "  The 
"  Proper  Method  of  Estimating  the  Liability  of  a  Life  Insurance 
'■  Company."  At  that  time  there  were  influential  advocates  of 
legislation  to  impose  on  the  Companies  a  strict  net  premium 
valuation,  and  to  set  up  a  standard  of  solvency  ;  but  against 
both  of  these  suggestions  Dr.  Sprague  took  a  firm  stand,  and  in 
the  paper  above  referred  to  he  said  regarding  valuations  : 
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"  In  valuing  by  the  net-premium  method,  the  supposition  is 
tacitly  made  that  the  expenses  chargeable  to  a  policy  are  equally 
spread  over  its  existence.  But  this  is  very  far  indeed  from  the 
truth,  as  the  expenses  incurred  in  the  first  year  of  the  policy's 
existence  far  exceed  those  of  subsequent  years.  Indeed,  by  far 
the  greatest  part  of  the  expenses  of  every  Life  Insurance  Company 
are  chargeable  to  the  new  business — in  particular,  all  advertising, 
inspection  of  agencies,  and  medical  fees,  and  a  considerable 
proportion  of  the  postage,  directors'  fees,  salaries,  and  office 
expenses.  For  if  a  company  decided,  as  some  have  done,  on 
working  out  the  existing  business,  on  taking  no  new  business, 
and  closed  its  doors  with  the  intention  of  working  out  the 
-existing  business  as  economically  as  possible,  it  is  obvious  that 
the  expenses,  exclusive  of  the  commission,  might  be  reduced  to 
a  very  trifling  sum.  This  reduced  sum,  or  at  all  events  such  a 
sum  as  an  established  company  would  undertake  to  conduct  the 
business  for,  is  all  that  should  be  charged  to  the  old  business. 

'•'  If  we  keep  these  considerations  steadily  in  view,  we  shall 
see  that  the  only  case  in  which  the  net-premium  method  of 
valuation  can  be  expected  to  lead  to  satisfactory  results  is  when, 
from  the  magnitude  of  the  business  transacted,  or  other  causes, 
the  total  expense  of  conducting  the  business,  irrespective  of 
commission,  amounts  only  to  a  small  percentage  of  the  premiums. 
In  all  other  cases  we  must  seek  for  some  other  rule." 

He  returned  to  this  point,  after  fifteen  years'  experience  of  the 
Act,  in  his  fourtb  Presidential  Address,  delivered  on 
30  November  1885  {J.I.A.,  vol.  xxv,  p.  293).     There  he  said  : 

"  The  theoretical  expression  for  the  value  of  a  policy  takes 
no  account  of  expenses  of  management ;  and  in  adopting  this 
formula  as  the  basis  of  the  valuation  of  a  company,  it  is  assumed 
that  the  expenses  are  in  every  case  less  than  the  uniform  loading 
added  to  the  uniform  annual  net  premium.  This  is  an 
assumption,  however,  which  is  not  justified  by  the  facts,  both  as 
regards  the  total  business  of  most  young  companies,  and  as 
regards  the  new  business  of  most  old  companies.  It  is  therefore 
necessary,  in  order  to  get  an  appropriate  formula  to  introduce 
into  our  calculations  the  amount  of  expense  at  which  the  new 
business  is  obtained  ;  and  thus,  for  old  and  young  companies 
alike,  we  conclude  that  the  proper  reserve  to  be  made  for  the 
liabilities  is  less  than  that  given  by  the  ordinary  net-premium 
method  of  valuation." 

There  is  nothing  in  the  Act  of  1870  about  a  standard  of 
solvency,  but  Dr.  Sprague  took  up  this  question  in  a  paper 
on  Legislation  as  to  Life  Insurance  and  Life  Insurance  Companies, 
read  on  28  November  1870,  just  after  the  Act  had  been  passed 
{J  J. A.,  vol.  xvi,  p.  77).     He  there  maintained  : 
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"  Firstly :  That  no  legislative  enactments  whatever  can 
succeed  in  absolutely  securing  the  solvency  of  Life  Insurance 
Companies. 

"  Secondly  :  That  even  if  this  could  be  done,  it  would  be 
highly  undesirable  that  it  should  be  attempted." 

He  supported  these  two  propositions  by  lengthy  and  cogent 
reasoning,  and  summed  up  by  saying  : 

"It  is  impossible  to  say  that  one  particular  estimate  of  the 
value  of  the  liabilities  is  right,  and  all  others  wrong.  It  is  of 
course  easy  to  find  limits  above  and  below  which  difference  of 
opinion  ceases,  so  that  if  a  Company  with  known  liabilities 
possesses  a  certain  amount  of  assets,  all  actuaries  will  agree  in 
saying  that  it  is  solvent,  while  on  the  other  hand  if  it  possesses 
less  than  a  certain  other  amount  of  assets,  all  actuaries  will 
agree  in  saying  that  it  is  insolvent.  But,  these  limits  would 
be  very  wide  ;  and  if  the  Company  possesses  an  intermediate 
amount  of  assets,  probably  some  actuaries  will  say  that  in  their 
opinion  it  is  solvent,  while  others  will  say  that  in  their  opinion 
it  is  insolvent.  The  conclusion  we  arrive  at  therefore  is,  that 
the  solvency  of  Life  Insurance  Companies  being  so  much  a 
matter  of  opinion,  the  Government  cannot  with  propriety 
attempt  to  decide  the  cjuestion  by  laying  down  a  legal  standard 
of  solvency." 

This  may  be  thought  to  be  ancient  history,  but  even  ancient 
history  has  sometimes  a  tendency  to  repeat  itself  :  and  we  can 
see  from  what  Dr.  Sprague  did  in  1870,  and  from  what  he  wrote 
on  the  subject  in  the  Journal  at  the  time,  that  he  would  have 
ever  been  on  the  alert,  and  that  he  would  at  all  times  have  put 
forth  all  his  powers  to  oppose  legislation  involving  government 
control  of  Insurance  Companies,  any  standard  of  valuation,  and 
more  particularly  any  standard  of  solvency. 

He  would  have  maintained  that  vigilance  is  imperative,  but 
lie  would  not  have  resisted  all  legislation.  From  his  writings  we 
know  that  he  thought  the  Act  of  1870  might  have  been  carried 
further  with  advantage,  and  at  the  present  day  it  is  very  likely 
lie  would  have  said,  for  instance,  that  it  is  quite  proper  to  give 
wider  powers  to  the  Board  of  Trade  than  it  possesses,  but  that 
the  powers  to  be  granted  must  be  minutely  scrutinized. 

It  has  already  been  mentioned  that,  on  account  of  the 
opposition  of  influential  men,  who  had  formed  themselves  into 
the  then  Actuaries'  Club,  there  had  been  interminable  delays  in 
securing  a  Charter  for  the  Institute.  The  question  was,  however, 
taken  up  again  seriously,  and  at  the  Annual  Meeting  held  on 
-3  June  1882,  the  meeting  at  which  Dr.  Sprague  was  elected  to 
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his  first  Presidency,  a  resolution  was  passed  on  the 
recommendation  of  the  Council  to  apply  for  a  Charter,  and 
thereupon  an  application  was  presented  to  the  Privy  Council  on 
15  September  1882.  The  application  was  signed  by  Dr.  Sprague 
as  President,  and  by  the  then  four  Vice-Presidents,  Messrs. 
M.  N.  Adler,  G.  W.  Berridge,  C.  J.  Bunyan,  and  R.  P.  Hardy, 
who  have  all  now  passed  away.  It  was  found  that  the  Actuaries' 
Club  was  still  in  opposition,  and  had  lodged  an  objection  to  the 
granting  of  the  Charter  ;  but  negotiations  took  place  in  a 
friendly  spirit  between  the  Council  of  the  Institute  and  the 
Actuaries'  Club,  and  the  objections  of  the  Actuaries'  Club  were 
overcome,  and  all  the  members  of  the  Club,  fourteen  in  number, 
were  brought  into  the  Institute  as  Fellows  under  the  Charter. 
Not  one  of  these  fourteen  is  now  with  us,  all  having  passed 
away.  The  Charter  was  granted  on  29  July  1884,  and  bye-laws 
had  to  be  prepared,  and  under  the  Charter  the  then  Council  was 
to  remain  in  office  until  the  bye-laws  had  been  approved  by  the 
Privy  Council.  Hence  the  then  Council  remained  in  office 
unchanged  for  four  years,  1882  to  1885  inclusive.  The  bye-laws 
were  allowed  by  the  Privy  Council  on  26  February  1886.  and 
this  was  reported  at  the  Annual  Meeting  held  on  5  June  1886, 
under  the  Presidency  for  the  last  time  of  Dr.  Sprague,  who  then 
retired  from  the  chair. 

A  great  deal  is  due  to  Dr.  Sprague  for  the  success  of  this 
application  for  the  Charter,  but  he  himself  at  the  Aimual  Meeting 
in  1886  offered  a  very  generous  and  just  acknowledgment  to  the 
late  Mr.  Vvllliam  Sutton,  who  was  himself  subsequently  President 
of  the  Institute.  Dr.  Sprague  said  that  he  was  sure  all  would 
pay  a  tribute  to  the  services  of  Mr.  Sutton,  who  had  done  most 
to  bring  about  the  change  in  the  constitution  of  the  Institute. 
3Ir.  Sutton  had  drafted  the  Charter  and  bye-laws,  which  had  then 
been  carefully  considered  by  the  Council ;  and  also  his  influence 
as  Actuary  to  two  Government  Departments  had  been  invaluable. 
Mr.  Sutton  at  that  time  was  Actuary  to  the  Registrar  of  Friendly 
Societies,  and  also  Actuarial  Adviser  to  the  Board  of  Trade  ;  and 
he  had  found,  under  the  Friendly  Societies  Act  more  especially, 
that  it  was  very  important  that  the  position  of  actuaries  should 
be  defined  and  settled,  so  that  unauthorized  persons  might  not 
be  permitted  to  practise.  AVe  may  therefore  say  that  the  final 
success  in  obtaining  the  Charter  was  due  in  great  part  to 
Dr.  Sprague  and  Mr.  Sutton. 

The  reconciliation   between   the   members   of   the   actuarial 
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profession  was  complete,  and  later  on  the  old  Actuaries'  Club 
and  the  Institute  of  Actuaries'  Club,  which  had  been  formed 
from  the  leading  members  of  the  Institute  on  much  the  same 
lines  as  the  Actuaries'  Club,  were  fused,  and  continued  under 
the  old  name  of  The  Actuaries'  Club. 

Dr.  Sprague  was  a  great  mathematician,  and  yet  in 
comparatively  few  of  his  actuarial  writings  does  much  of  the 
higher  mathematics  appear.  He  kept  that  in  reserve,  and 
preferred,  whenever  possible,  to  restrict  himself  to  more  simple 
ordinary  algebra.  Nevertheless  he  had  an  essentially 
mathematical  mind,  which  it  was  his  delight  to  apply  to  practical 
work.  He  possessed  in  rare  degree  what  may  be  called 
mathematical  instinct.  He  thought  mathematically,  and  he 
spoke  mathematically,  and  he  wrote  mathematically,  even  when 
there  was  but  little  appearance  of  mathematics  on  the  surface. 
All  this  comes  out  clearly  in  his  Presidential  Address,  delivered 
to  the  Actuarial  Society  of  Edinburgh  on  13  November  1874 
{J.I.A.,  vol.  xviii,  p.  403).  The  address  was  on  the  Usefulness  of 
Mathematical  Studies  to  the  Actuary  ;  and,  on  a  first  perusal- 
it  seems  to  be  almost  absurdly  elementary  ;  but,  on  further 
acquaintance,  it  is  found  to  contain  deep  wisdom.  He  says  that 
the  mathematician  takes  nothing,  not  even  the  simplest  thing, 
for  granted  ;  and  that  by  him  language  is  used  in  a  strict  and 
precise  manner.  Words  are,  as  it  were,  symbols,  and  sentences 
formulas  ;  and  hence  the  mathematician  thinks  clearly  and 
accurately,  and  speaks  and  writes  without  ambiguitv.  All  this 
presupposes  what  has  been  called  above  the  mathematical 
instinct,  which  Dr.  Sprague  combined  with  profound  mathematical 
knowledge  ;  but  here  it  may  be  remarked  that,  with  mathematical 
instinct,  combined  with  even  only  moderate  attainments  in  the 
higher  mathematics,  a  man  will  not  be  liable  to  fall  into  error. 
He  will  think  for  himself,  and  will  avoid  pitfalls  by  which  the 
unwary  may  be  entrapped.  He  will  travel  safely  ;  whereas  a 
man  who  has  read  a  great  deal  of  mathematical  Hterature,  and 
who  has  learned  and  remembered  a  great  deal,  but  who  is  not 
endowed  with  the  mathematical  instinct,  and  who  has  not  thought 
for  himself,  vdll  be  in  danger  ;  and  may  try,  as  it  were,  to  forc(^ 
a  round  formula,  very  good  in  itself,  into  a  square  hole.  He  will 
sometimes  fail  to  perceive  when  the  abstruse  methods  which 
are  at  his  finger  ends  are  not  really  applicable  to  the  case  in 
hand  ;  and  he  will  be  apt  to  use  them  recklessly,  and  under 
conditions    where    they    cannot    produce    satisfactory    results. 
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This  is  more  particularly  so  in  the  case  of  actuaries,  who  have, 
as  Dr.  Sprague  says,  "  to  deal  even  more  with  figures  than  with 
formulas  "",  and  who  '"'  must  submit  every  formula  to  the  test 
of  actual  numerical  calculation  '"  ;  and  on  this  point  he  adds 
that : 

"  In  many  branches  of  applied  mathematics,  it  has  been  too 
much  the  custom  in  treatises  designed  for  the  English  student — 
especially,  perhaps,  for  the  student  who  is  reading  for 
mathematical  honours  at  the  universities — to  disregard  the 
numerical  application  of  the  formulas  proved." 

At  the  time  of  the  Address  in  1874.  there  was  not  much  in  the 
way  of  higher  mathematics  required  of  actuarial  students  for 
their  examinations  ;  but  Dr.  Sprague  looked  forward  to  a  change 
in  that  respect,  and  he  wrote  : 

"  It  can  scarcely  be  said  that  the  extraction  of  the  facts 
(for  a  mortality  experience)  is  a  process  for  which  much 
mathematical  knowledge  is  required  :  but  when  the  facts  have 
been  extracted,  the  process  of  adjusting  them  so  as  to  deduce  a 
satisfactory  mortality  table,  that  shall  proceed  without  any 
abrupt  changes,  and  shall  yet  not  deviate  too  far  from  the 
original  facts,  is  a  problem  requiring  for  its  complete  solution 
the  very  highest  mathematical  attainments.  Xot  only  is  an 
intimate  knowledge  of  the  Differential  and  Integral  Calculus 
useful  for  the  purpose,  but  a  knowledge  of  the  Method  of  Least 
Squares  may  also  be  extremely  serviceable.  Until  we  have 
come  to  this  point,  we  have  been  able  only  to  speak  of  a  knowledge 
of  the  differential  calculus  as  serviceable  in  a  general  way  to  the 
actuarial  student  ;  but  when  we  come  to  the  joresent  part  of 
our  subject,  and  examine  the  methods  that  have  been  applied 
with  the  most  success  to  the  graduation  of  mortality  tables,  we 
are  compelled  to  say  that  no  actuary  can  be  considered  to  be 
fully  qualified  for  the  discharge  of  all  the  duties  he  may  be  called 
upon  to  undertake,  who  has  not  a  competent  knowledge  of  the 
differential  and  integral  calculus.  It  is  not  to  be  forgotten, 
moreover,  that  an  extensive  use  has  of  late  years  been  made  of 
the  calculus,  to  obtain  more  exact  values  of  annuities  payable 
by  half-yearly,  quarterly,  or  other  instalments  ;  also  of  complete 
annuities,  and  in  a  variety  of  other  questions,  especially  in  the 
Theory  of  Complete  Annuities.  It  is  not  yet  essential  for  an 
actuary  to  be  famihar  withthese  investigations,  but  it  is  impossible 
to  say  how  soon  it  may  become  so  ;  and  in  the  meantime  a 
study  of  them  cannot  fail  to  give  the  actuarial  student  a  greater 
command  over  the  simpler  parts  of  his  subject." 

Only  two  papers,  illustrative  of  Dr.  Sprague's  mathematical 
genius,  can  be  referred  to  here  :  the  first  on  "A  new  Formula 
for  Interpolation  "  {J.I.A.,  vol.  xxii,  p.  270,  July  1880).  and  the 
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second,  on  "  The  Graphic  Method  of  Adjusting  Mortality  Tables  " 
{J.I. A.,  vol.  x.v^a,  p.  77.  October  1886).  They  differ  much  from 
each  other,  but  each  possesses  its  own  well  marked  character. 

Dr.  Sprague's  method  of  interpolation  is  that  which  is  now 
known  as  the  Osculatory  method,  a  name  first  given  by  Dr.  Karup. 
Dr.  Sprague  foreshadowed  it  in  an  earlier  paper  in  1867  (J. I. A., 
vol.  xiii,  p.  305)  on  the  Value  of  Annuities  payable  half-yearly, 
&c.,  on  page  322  of  which  he  indicated  its  principles,  without 
developing  them.  The  problem  is,  from  equidistant,  usually 
quinquennial,  pivotal  values  of  a  function,  Uq,  Ui,  &c.,  to  u-^,  to 
interpolate  the  values  intervening  between  Uo  and  u^  in  such  a 
way  that  when  interpolation  is  similarly  effected  between  the 
values  Ui  and  u-,,  and  the  values  %  and  iii,  there  shall  be  no 
break  at  the  points  of  meeting  of  the  adjacent  partial  curves  at 
Uo  and  at  1/3. 

Dr.  Sprague  secured  the  necessary  smoothness  by  arranging 
that,  at  the  point  of  meeting  of  each  pair  of  adjacent  partial 
curves,  these  curves  shall  have  the  same  tangent,  and  the  same 
radius  of  curvature,  that  is,  that  they  shall  have  the  same  first 
differential  coefficient,  and  the  same  second  differential  coefficient. 
The  values  of  the  differential  coefficients  at  the  points  Uo  and  1^3 
have  to  be  determined  by  means  of  the  given  pivotal  values  of 
the  function  ;  and  that  is  done  by  supposing  parabolic  curves  of 
the  fourth  order  to  be  passed  through  the  points  Uq  to  M4,  and 
through  the  points  u^  to  u^  respectively.  Starting  with  the 
equations  to  these  curves,  and  working  by  an  abstruse 
mathematical  process,  the  five  leading  sub-divided  differences 
of  11-2  are  determined,  and  the  terms  intervening  between  Un  and 
W3  are  then  inserted  by  addition. 

The  process  followed  by  Dr.  Sprague  in  deducing  the  formula 
mav  be  simplified  and  shortened  a  little,  but  it  must  always  be 
abstruse.  Nevertheless,  the  arithmetical  application  of  the 
formula  is  easy,  and  the  resulting  completed  table  is  free  from 
all  roughness.  Dr.  Sprague  used  the  formula  for  the  five  select 
columns  of  his  Select  Mortality  Tables,  the  pivotal  values  having 
been  calculated  by  a  graphic  method  ;  and  the  columns  are  very 
smooth. 

In  the  earlier  paper  of  1867  Dr.  Sprague  mentions  a  much 
shorter  formula  of  the  same  kind,  with  only  three  differences. 
At  the  point  of  meeting  he  gives  to  the  two  partial  curves  only 
the  same  tangent,  and  not  necessarily  the  same  radius  of 
curvature  :    that  is,  he  gives  them  the  same  first  differential 
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coefficient,  and  ignores  the  second.  It  is  found  from  experience 
that,  for  the  purpose  of  constructing  or  of  graduating  mortality 
and  other  tables  used  in  life  contingencies,  and  for  pension  funds, 
&c.,  the  shorter  formula  is  all  that  is  required,  and  that  it  gives 
excellent  results. 

This,  the  first  of  the  papers  chosen  as  illustrative  of 
Dr.  Sprague's  methods,  bristles  with  the  higher  mathematics. 
It  is  on  interpolation ;  but  that  also  necessarily  includes 
graduation ;  and  Dr.  Sprague  himself  used  the  formula  for  the 
purpose  of  graduating  his  Select  Tables. 

The  second  illustrative  paper  is  on  graphic  graduation  ;  and 
in  it  Dr.  Sprague  condemns  in  language  without  restraint  all 
mathematical  formulas  for  graduation.  He  does  not,  however, 
condemn  mathematics,  but,  on  the  contrary,  he  shows  how  there 
must  be  a  sound  knowledge  of  the  mathematical  properties  of  curves 
if  a  graphic  graduation  is  to  be  really  scientifically  successful. 
On  this  point  he  says,  "  In  order  to  understand  and  successfully 
"  apply  the  graphic  method  of  graduation,  it  is  necessary  to 
*'  study  carefully  the  relations  that  exist  between  the  progression 
"  of  the  numbers  and  their  differences,  and  the  form  of  the 
"  curve."  In  fact,  according  to  Dr.  Sprague,  when  graphically 
drawing  a  curve  we  must  not,  as  some  have  said,  be  guided 
solely  by  the  eye,  but  we  must  allow  mathematical  instinct  to 
have  full  play. 

Dr.  Sprague,  with  various  diagrams,  gives  a  beautiful  analysis 
of  the  nature  of  curves,  and  then  supplies  copious  numerical 
examples  of  graphic  graduation.  He  furnishes  the  figures  all 
complete  ;  and  one  cannot  but  be  struck  by  his  conscientious 
industry.     He  spares  no  labour  to  make  his  final  results  perfect. 

Dr.  Sprague's  paper  on  graphic  graduation  led  to  a  heated 
controversy.  In  it  he  had  examined  the  results  of  several 
graduations  by  mathematical  formulas,  including  that  of 
Mr.  Woolhouse,  and  compared  them  with  his  own  graphic 
graduation  ;  and  he  summed  up  by  saying  "  We  must  include 
"  in  one  general  condemnation  all  such  graduation  formulas  as 
"  Mr.  Woolhouse's,  Mr.  Higham's  and  Mr.  Ansell's."' 

Naturally,  Mr.  Woolhouse  replied,  and  Dr.  Sprague  replied 
again,  and  much  dust  was  raised  ;  but,  in  the  end,  something 
like  peace  was  restored.  Dr.  Sprague  made  his  "  final  remarks  " 
in  J. I. A.,  vol.  xxix,  p.  232.  To  test  the  matter  thoroughly,  he 
made  a  graduation  by  Woolhouse"s  formula  of  the  Text  Book 
table  and  said  :   "  Taking  a  general  view  of  the  figures,  we  infer 
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^''  that,  although  Mr.  Woolhouse's  method  slightly  disturbs  the 
"■  law  of  the  series  (/j.)  to  which  it  is  applied,  the  practical  effect 
'■  of  this  disturbance  on  the  probability  of  dying  is  so  slight  as 
"  to  be  of  no  practical  importance  except  at  extreme  old  ages. 
I  feel  therefore  bound  to  admit  that  my  objection  to  the  method, 
on  the  ground  of  its  tendency  to  disturb  the  law  of  the  series, 
although  theoretically  well  founded,  may  be  disrewarded  in 
practice." 

Besides  being  an  actuary  of  unusual  erudition.  Dr.  Sprague 
was  a  first-class  business  man  ;   and  of  this  the  prosperity  during 
his  management,  extending  over  thirty-nine  years,  of  the  two 
great  Insurance  Societies    of   which  he  was  in  succession  Chief 
Officer,  is  sufficient  evidence.     The  business  of  life  assurance, 
using  the  words  "  life  assurance  "  in  their  broadest  sense,  was 
the  business  of  his  life  and  in  all  his  investigations  he  kept  in 
view  their  immediate  practical  application,  and  refrained  from 
acting  on  any  theories  he  might  have  formed  until  he  had  put 
them  to  practical  test.     His  writings  all  bear  witness  to  this, 
his  prevailing  characteristic  ;    and  one  would  like  to  refer  to 
many  of  them  in  some  detail ;   but,  in  such  a  memoir  as  this,  to 
do  so  is  impossible.     They  are  too  voluminous.     The  mere  list 
of  his  communications  to  the  Journal  of  the  Institute  alone 
occupies  nearly  five  and  a  half  pages  of  the  index.     Then,  there 
are   actuarial  publications   of  his   to   be  found   elsewhere.     In 
April  1874  he  brought  out  a  volume  entitled  ''  Life  Insurance 
Accounts  ",  in  which  he  analysed  minutely  all  the  returns  to  be 
made  by  companies  under  the  Act  of  1870.  and  gave  careful 
explanations  of  their  meaning,  and  of  how  the  schedules  should 
be  filled  in — all  of  which  was  very  useful  at  the  time,  when  the  new 
form  of  the  accounts  was  but  little  understood  except  by  the  few. 
In  1876  he  contributed  to  the  9th  edition  of  the  Encyclopasdia 
Britannica  an  exhaustive  article  on  "  Annuities  ",  in  some  parts 
highly  mathematical,  which  superseded  the  article  by  Joshua 
Milne  written  many  years  before,  and  which  was  reviewed  by  the 
late  Mr.  Sutton  in  the  Journal,  vol.  xx,  p.  112.     There  are  also 
to  be  found  in  the  Transactions  of  the  Actuarial  Society  of 
Edinburgh  sundry  contributions  from  Dr.   Sprague.   including 
some  of  his  Presidential  Addresses  to  that  Society  and  his  too 
little-known   paper   "  On   Probability   and   Chance,    and   their 
connection  with   the  Business  of    Insurance."     All  of  these  we 
must  pass  over,  and  confine  ourselves  to  touching  lightly  on  only 
two  or  three  of  the  most  salient  points. 
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Dr.  Sprague's  monumental  Select  Tables  have  already  been 
mentioned.  In  two  elaborate  papers  in  the  Journal,  vol.  xxi, 
p.  229,  dated  November  1878,  and  vol.  xxii,  p.  391,  dated 
Januarv  1881.  their  construction  and  use  were  fully  explained, 
and  monetary  tables  at  4  per-cent  interest  were  given  ;  and  in 
1896  thev  were  published  separately  in  book  form,  with  extensive 
monetary  tables  at  four  rates  of  interest. 

Earlv  in  his  managerial  career,  Dr.  Sprague  took  up  with  his 
usual  earnestness  the  question  of  investments  in  reversionary 
securities  of  all  kinds,  and  he  investigated  them  from  every 
point  of  view,  and  examined  them  in  all  their  phases.  The 
result  is  a  long  series  of  papers,  develdping  the  mathematical 
theorv  of.  and  the  principles  to  be  followed  when  carrying  out 
transactions  in.  reversions,  reversionary  interests,  &:c.,  whether 
of  the  more  simple  descriptions,  or  whether  comphcated  by 
probabilities  of  marriage,  of  the  birth  of  issue,  &c.,  &c.  The 
titles  of  a  few  of  these  papers  may  be  quoted,  just  to  show 
how  comprehensive  were  Dr.  Sprague's  researches  : 
J. I. A.,  vol.  xiv,  p.  417,  On  the  Valuation  of  Reversionary  Life 

Interests. 
J.I.A.,  vol.  xviii,  p.  77.  On  the  Apportionment  by  mutual  consent 

of  a  Fund  between  the  Life  Tenant  and  the  Reversioner. 
J.I.A.,  vol.  xxiv,  p.  327,  On  the  Calculation  of  the  values  of 

Benefits  that  depend  on  the  Death  without  Issue  of  One  or 

More  Persons. 
J.I. A.,  vol.  XXV,  p.  160,  On  the  Probability  that  a  Marriage 

entered  into  at  any  age  will  be  fruitful ;  and  that,  if  a  Marriage 

has  been  childless  for  several  years,  it  will  afterwards  become 

fruitful. 

Perhaps  the  most  important  paper  on  this  class  of  subjects 
is  that  in  J.I.A.,  vol.  xxi,  p.  406.  which  was  read  before  the 
Institute  on  31  March  1879.  It  has  the  comprehensive  title, 
"  On  the  Construction  of  a  Combined  Marriage  and  Mortality 
"  Table,  from  the  Rates  of  Marriage  and  Mortality  among  any 
'■  body  of  Men ;  and  on  the  Calculation  of  the  Values  of 
"  Annuities  and  Assurances  that  depend  on  the  Contingency  of 
"  Marriage,  as  well  as  Death  ;  and  their  Application  to  determine 
'■  the  Rate  of  Premium  for  an  Assurance  against  the  Contingency 
"  of  a  Bachelor  of  a  given  age  leaving  Issue." 

This  paper  was  illustrated  mainly  with  statistics  derived 
from  the  British  Peerage  families,  but  also  with  some  derived 
from  other  sources  ;  and  it  gave  the  graduated  tables  of  Marriage 
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and  ^Mortality,  which  follow  the  usual  Mortality  Table  form ;  and  it 
gave  also  the  monetarv^  values  of  Marriage  and  Mortality  benefits. 

These  tables  of  Dr.  Sprague  are  really  the  precursors  of  the 
Service  Tables  now  prepared  for  Pension  Funds,  which  are  used 
for  measuring  the  values  of  benefits  falling  in  on  death,  or  on 
withdrawal,  or  on  retirement  on  pension,  and  sometimes  even  on 
marriage,  but  which  also  include  varying  salaries  as  an  additional 
complication. 

At  the  present  day  the  statistics  used  by  Dr.  Sprague  are, 
for  the  most  part,  obsolete  on  account  of  changed  social 
conditions  ;  but  the  principles  remain  for  our  guidance  and  help. 

The  only  other  portion  of  Dr.  Spragues  work  which  can  be 
referred  to  here  is  his  papers  on  legal  subjects,  on  which,  as 
barrister,  he  was  an  authority.  Besides  law  being  involved  in 
many  of  his  other  papers,  he  wrote  on  the  Policies  of  Assurance 
Act  1867,  on  the  Sales  of  Reversions  Act  1867,  and  on  the 
Married  "Women's  Property  Acts  1870  and  1882  ;  and  his  very 
last  contribution  on  assurance  matters  was  that  on  Lost  Policies, 
and  was  read  before  the  Institute  on  26  April  1897,  being  followed 
by  a  most  interesting  discussion.  It  appears  in  the  Journal, 
vol.  xxxiii,  p.  373,  and  is  valuable  at  the  present  day,  although 
naturally  circumstances  are  not  all  the  same. 

Dr.  Sprague's  first  paper  appeared  in  the  number  of  the 
Institute  Joiirmd  for  October  1856,  and  his  last  in  the  number 
for  October  1897,  there  being  thus  exactly  forty-one  years  between 
them. 

One  feature  of  many  of  Dr.  Sprague's  contributions  to  the 
Journal,  which  must  be  mentioned,  although  not  without  regret, 
is  the  peculiar  spelling  which  he  adopted.  He  was  an  ardent 
advocate  of  spelhng  reform,  and  thought  he  was  doing  good 
service  to  the  cause  by  using,  in  season  and  out  of  season,  spelling 
of  a  phonetic  character.  The  Council  objected,  holding  that, 
although  some  of  them  were  in  favour  of  reformed  spelling,  yet  a 
scientific  journal  Avas  not  the  place  to  introduce  it.  But 
Dr.  Sprague  was  obdurate,  and  refused  to  contribute  more 
papers  unless  his  spelling  were  admitted  ;  and  the  Council  gave 
way.  In  later  years,  however.  Dr.  Sprague  relented,  and,  for 
some  time  before  he  retired,  he  allowed  his  papers  to  appear  in 
orthodox  garb.  The  papers  in  the  phonetic  spelling  are  irksome 
to  read,  and  thus  lose  some  of  their  value. 

Dr.  Sprague  did  not  confine  his  energies  to  matters  actuarial, 
but  took  an  active  interest  in  other  branches  of  science.     He 
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was  Fellow  of  the  Royal  Society  of  Edinburgh,  and  of  the 
Edinburgh  Mathematical  Society,  and  he  was  a  member  of  the 
Edinburgh  Field  Naturalists  and  Microscopical  Society,  to  all 
of  which  Societies  he  made  communications ;  and  on  one 
occasion  at  any  rate  he  also  contributed  to  the  proceedings  of 
the  British  Association. 

In  the  publications  of  the  Royal  Society  of  Edinburgh  there 
are  papers  by  him  : 

On  the  Nature  of  the  Curves  whose  Intersections  give  the 
Imaginary  Roots  of  an  Algebraic  Equation.     (1883.) 

On  a  New  Algebra,  by  means  of  which  Permutations  can 
be  Transformed  in  a  variety  of  ways,  and  their  Properties 
investigated.     (1893.) 

He  also  contributed  to  that  Society  papers  on  actuarial 
■subjects,  but  these  have  been  either  reprinted  in  the  Journal  of 
the  Institute  of  Actuaries,  or  their  subject  matter  repeated  by 
Dr.  Sprague  in  other  papers  in  that  Journal. 

To  the  Edinburgh  Mathematical  Society  he  contributed  the 
following  papers  : 

Note  on  the  evaluation  of  Functions  of  the  Form  0*^. 
(1884-85.) 

On  the  Different  Possible  non-linear  arrangements  of 
Eight  Men  on  a  Chess  Board.     (1889-90.) 

On  the  Transformation  and  Classification  of  Permutations. 
(1890-91.) 

On  the  Geometrical  Interpretation  of  iK     (1893-94.) 
On  the  Eight  Queens'  Problem.     (1898-99.) 
On  the  Singular  Points  of  Plane  Curves.     (1902-03.) 
His    outdoor    recreations    supplied    him    with    material    for 
communications    to    the    Edinburgh    Field    Naturalists    and 
Microscopical  Society,  of  which  the  following  is  a  list : 

Bones  and  shells  taken  from  a  kitchen  midden  on  Inchkeith 
during  1881. 

The  "  Green  Balls  "  of  Loch  Kildonan. 
On  the  Growth  of  Leaves. 
Fibre  Balls. 
Ripple  Marks  on  Sand. 

On  the  occurrence  of  the  Fresh  Water  Mussel. 
Notes  on  the  Bournemouth  Cliffs. 

Notes  on  the  Entomostraca  (Water-fleas)  of  Midlothian. 
The  last  of  these  papers  was  prepared  conjointly  with  his 
daughter  Miss  B.  Sprague,  and  it  gained  a  prize  for  a  beautifully 
mounted  collection  of  the  minute  crustaceans  treated  of. 
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Dr.  Sprague  was  twice  married,  first  in  1859,  to  Miss  Margaret 
Vaughan  Steains,  younger  daughter  of  Mr.  James  Steains  of 
Liverpool,  by  whom  he  had  eleven  children,  eight  of  whom 
survive  ;  and,  second,  in  1908,  to  Miss  Jean  Elizabeth  Stuart, 
third  daughter  of  Mr.  Morris  Forsyth  Stuart,  Nav}^  and  Army 
Contractor  of  Edinburgh,  who  also  survives  him. 

It  is  worthy  of  note  that  his  eldest  surviving  son.  Dr.  A.  E. 
Sprague,  is,  at  the  time  of  writing,  President  of  the  Faculty  of 
Actuaries  in  Scotland.  This  is  the  first  occasion  of  both  father 
and  son  having  achieved  that  great  distinction. 

GEORGE   KING. 


Address  by  the  President,  Sir  Alfred  William  Watson,  K.C.B. 

[Delivered  29  November  1920.] 

IN  commencing  the  address  with  which  custom  ordains  that  the 
recently  elected  President  shall  inaugurate  the  session,  I  am 
constrained  again  to  express  my  deep  appreciation  of  the  honour 
conferred  upon  me  in  my  elevation  to  this  Chair.  I  reaHze  the 
dignity,  and  not  less  the  responsibihty  of  the  Presidential  Office, 
and  I  cherish  the  hope  that  a  profound  sense  of  duty  to  the 
Institute,  to  which  I  owe  so  much,  vnW  enable  me  to  meet  the 
obhgations  which  my  fellow  members  have  seen  fit  to  impose 
upon  me. 

It  is  usual,  and  fitting,  on  these  occasions  to  refer  to  those 
who  have  recently  passed  from  our  midst.  Meeting  under  the 
shadow  of  the  fierce  and  protracted  struggle  from  which  we 
have  thankfully  now  emerged,  the  remarks  of  my  immediate 
predecessors  in  reference  to  this  subject  necessarily  took  a 
new  character,  and  ^^ith  the  expression  of  the  sorrow  that  has 
animated  us  all  in  contemplating  the  losses  that  have  fallen 
upon  our  little  community,  there  rang  out  a  note  of  pride  in 
the  response  of  our  younger  colleagues  to  their  Country's  urgent 
call.  Our  membership  of  all  classes  reached  its  highest  point 
in  1915  when  we  numbered  just  over  1,200,  yet  from  among  us 
no  fewer  than  428  men  are  known  to  have  gone  to  the  Forces,  of 
whom  79  gave  their  lives.  These  figures  are  surely  eloquent 
enough  to  need  no  addition.  It  is  only  that  the  full  tale  shall  be 
told  that  I  refer  again  to  a  subject  which  has  already  been  su 
feelingly  dealt  with  from  the  Chair. 

u  2 
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AVe  have  to  regret  the  death  of  four  Fellows  since  our  last 
meeting  in  this  Hall.  Mr.  AV.  P.  Clirehugh,  who  became  a  Fellow 
in  1863,  had  long  ceased  to  be  closely  associated  Anth  our  pro- 
fession but  had  attained  prominence  as  an  insurance  manager. 
He  will  be  warmly  remembered  by  certain  of  us  who  in  recent 
years  enjoyed  his  society  in  another  circle. 

Mr.  Marco  Besso  of  Rome  was  elected  a  Fellow  in  1879  and, 
in  the  prefatorv*  remarks  to  an  interesting  compilation  of 
statistics  for  which  he  was  responsible,  was  described  in  vol.  xx\d 
of  the  Journal  as  an  insurance  expert  of  wide  experience  and 
great  repute  throughout  the  continent.  We  regret  the  loss  of 
one  who  was  a  personal  link  between  ourselves  and  an  allied 
nation  for  which  Englishmen  cherish  a  warm  regard,  and  whose 
present  difficulties  command  their  sympathy. 

The  death  of  Mr.  Oscar  Nash  in  tragic  circimistances  was 
lately  reported  to  us.  Mr.  Xash  had  served  on  the  Council  and 
several  times  had  acted  as  an  Examiner.  I  myself  retain 
grateful  recollections  of  him  as  a  tutor  and  a  friend.  We  have 
also  to  regret  the  loss  of  Mr.  L.  G.  Atkins,  who  died  at  an 
early  age  after  a  prolonged  period  of  ill-health,  which  had  cut 
short  a  promising  career. 

At  the  time  when  the  last  Presidential  address  was  dehvered, 
we  still  seemed  to  hear  the  reverberation  of  the  guns  which 
heralded  the  Armistice,  the  greater  number  of  our  younger 
members  were  still  wearing  His  Majesty's  uniform,  and  of  the 
older  men  and  others  to  whom  militars'  duty  had  not  been 
allotted,  a  considerable  proportion  were  performing  tasks  to 
which  the  national  emergency  had  called  them.  In  reference 
to  some  of  these  I  am  emboldened  to  make  a  similar  claim  for 
the  professional  training  given  by  the  Institute,  and  for  the  type 
of  career  of  which  that  training  is  the  prelude,  to  that  which  is 
so  frequently  made  and  conceded  in  respect  of  the  educational 
system  of  our  great  Universities.  The  range  of  duties  to  which 
many  of  our  members  who  were  retained  in  civil  life  were 
suddenly  called,  was  remarkably  varied  and  entailed  real,  and,  in 
some  cases,  even  grave  responsibihties.  It  was  naturally  to  be 
expected  that  those  who  had  attained  success  in  the  practice 
of  their  profession  and  in  the  conduct  of  the  great  organizations 
with  which  it  is  so  closely  linked,  would  find  their  new  responsi- 
bilities well  within  their  trained  and  disciplined  capacity,  but 
in  regard  to  the  younger  men,  in  whose  case  experience  had  not 
ripened  into  maturity  the  powers  implanted  by  an  actuarial 
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education,  the  position  was  different,  and  the  experiment  might 
pardonably  have  been  watched  with  some  misgivings.  If  such 
were  felt  they  were  superfluous.  To  those  of  us  who  had  the 
opportunitv  of  seeing  large  and  serious  problems  handled  bv 
junior  members  of  the  Institute  the  manner  in  which  the  work 
was  done,  and  the  capacity  which  it  revealed,  came  as  a  striking 
proof  of  the  value  of  the  training  which  our  curriculum  affords. 
We  always  knew  that  our  course  provided  a  sohd  foundation  of 
actuarial  knowledge,  the  first  necessity  of  professional  success. 
We  now  discovered  that  Uke  other  sound  educational  systems, 
it  made  for  the  production  of  capable  administrators,  competent 
to  grapple  with  novel  and  varied  problems  and  to  bring  to  their 
solution  a  calm  and  disciplined  judgment,  without  which 
enthusiasm  and  industry  would  have  availed  but  httle.  The 
first  place  in  our  regard,  when  we  look  back  on  the  pro- 
tracted agony  of  the  War,  must  always  be  given  to  those  of  our 
members  who  responded  to  the  call  to  Arms,  so  many  of  them 
never  to  return  to  us,  but  we  may  properly  spare  some  feeling 
of  pride  for  the  competence  and  resourcefulness  shown  by  those 
who  served  their  country  in  other  capacities. 

Two  years  have  elapsed  and  it  is  interesting  to  trace  so 
far  as  we  can  the  extent  to  which  the  course  of  actuarial  life 
has  been  brought  back  to  its  normal  channel.  Disturbing  and 
disquieting  reflections  are  induced  by  a  wide  survey  of  national 
conditions,  but  a  due  sense  of  perspective  will  serve  to  keep 
these  in  check  and,  mth  some  knowledge  of  history,  will 
stimulate  the  faith  we  steadfastly  hold  in  the  destiny  of  our 
countr}"  and  in  its  powers  of  recovery  from  the  heavy  blows 
under  which  the  nations  of  Europe  are  still  reeling.  But  whatever 
mood  of  despondency  from  time  to  time  may  be  induced  by  the 
present  social  turmoil,  no  such  emotion  can  obtain  even  a  fleeting 
master}"  over  us  when  we  confine  our  attention  to  our  own 
professional  sphere. 

We  naturally  turn  fii'st  in  our  survey  to  the  work  of  the 
Institute  itself  and  especially  to  its  educational  activities,  which 
were  entirely  suspended  during  the  war.  The  ofiicial  classes  for 
our  students  were  reconstituted  at  the  earhest  possible  date 
following  the  Armistice  and  have  attracted  a  phenomenal 
attendance  of  students. 

Our  examinations  were  resumed  in  June  1919,  and,  in 
accordance  with  the  special  arrangements  made  for  the  post-war 
period,  have  subsequently  been  held  at   half-yearly  intervals. 
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Bearing  in  mind  the  long  interruption  in  the  studies  of  our 
younger  members,  and  the  nature  and  the  completeness  of  that 
interruption,  the  extent  to  which  our  students  have  availed 
themselves  of  the  facilities  for  examination  recently  afforded 
to  them  is  remarkable.  On  each  occasion  candidates  have 
presented  themselves  in  large  numbers  and  passes  have  been 
quite  as  numerous  as  in  the  circumstances  could  have  been 
expected.  Whatever  the  truth  of  the  general  complaint  of 
indifference  and  slackness  in  the  resumption  of  the  normal 
round,  no  charge  of  the  kind  can  be  made  in  regard  to  the 
students  of  the  Institute  of  Actuaries. 

As  you  are  aware,  certain  modifications  of  the  syllabus  were 
made  by  the  Council  to  ease  the  path  of  our  students  to  the  goal 
of  the  Fellowship  during  the  transitional  period.  These  modifi- 
cations were  framed  with  full  regard  to  the  guarantee  of  pro- 
fessional competence  which  the  grant  of  the  Institute's  diploma 
is  rightly  held  to  imply  ;  and  in  this  respect,  we  found  ourselves, 
in  common  with  other  professional  bodies,  severely  limited  by 
considerations  touching  the  public  interest.  It  is  gratifying  to 
know  that  the  only  protest  which  has  reached  us  from  students 
is  that  the  tests  we  now  impose  upon  them  are  not  sufficiently 
exacting.  That  complaint,  if  such  I  may  call  it,  is  supported 
by  arguments  which  merit  our  full  consideration. 

Having  before  us  the  somewhat  imminent  need  for  settlement 
of  the  permanent  syllabus,  we  shall  watch  with  interest  the 
results  of  the  options  now  given  to  candidates  for  Patt  IV  of 
the  Examination.  Proficiency  in  certain  technical  subjects  is 
an  essential  condition  of  the  grant  of  the  Fellowship.  But  with 
the  constant  expansion  of  knowledge,  and  the  increase  of  efficiency 
demanded  in  every  profession,  speciahzation  of  work,  upon  more 
or  less  definite  lines,  has  become  the  general  practice.  The 
actuarial  profession  has  certainly  not  been  unaffected  by  this 
development,  and  if  in  framing  the  syllabus  of  our  examinations 
we  refuse  to  take  it  into  account  we  are  confronted  by  a  dilemma. 
We  can  either  exact  from  our  students  proof  of  competency  to 
deal  with  a  far  wider  range  of  subjects  than  individually  is  ever 
fikely  to  come  before  them  in  practical  life,  or,  aghast  at  the  task 
thus  imposed  upon  them,  we  can  restrict  our  tests  to  the  branches 
of  actuarial  science  in  which  the  majority  are  hkely  to  find  their 
subsequent  career.  A  middle  course,  under  which  to  a  sound 
knowledge  of  actuarial  science  and  of  its  more  general  apphcations 
we  might  add  a  hmited  acquaintance  with  the  problems  involved 
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in  certain  branches  of  specialized  practice,  may  have  its  advocates, 
but  is  obviously  open  to  serious  criticism. 

Faced  with  this  difficulty  the  Council  have  decided,  as  an 
experiment,  to  give  the  student  preparing  for  his  final  exam  nation 
some  opportunitv  to  follow  his  inclination  in  regard  to  subjects 
which  can  fairly  be  regarded  as  falhng  within  special  groups. 
The  experiment  is  distinctly  limited,  the  choice  lying  between 
the  subjects  proficiency  in  which  is  essential,  on  the  one  hand, 
to  the  actuary-  to  a  life  office,  and  on  the  other  to  an  actuary 
chiefly  advising  friendly  societies  or  pension  funds,  or  to  one 
who  looks  for  an  official  career  in  a  State  Department.  Time  is 
needed  to  show  whether  the  new  system  is  justified,  and  whether 
it  can  be  further  developed  with  advantage. 

In  connection  with  our  educational  work  it  has  been  decided 
bv  the  Council,  after  prolonged  consideration,  that  the  revision 
of  Part  II  of  the  Text  Book  has  become  necessary.  This  decision 
calls.  I  think,  for  something  more  than  passing  mention. 

Part  II  of  the  Text  Book  was  published  in  1887  and  a  second 
edition,  incorporating  the  few  changes  that  time  had  shown  to  be 
desirable,  was  issued  in  1902.  For  33  years,  therefore,  the  present 
Part  II  of  the  Text  Book  has  maintained  its  ground  as  the 
standard  work  on  the  science  of  life  contingencies.  It  is  not 
too  much  to  say  that  every  actuary  now  in  practice  has  cause  to 
be  deeply  grateful  to  Mr.  George  King  for  the  Text  Book  on 
which  his  knowledge  of  the  technical  side  of  our  craft  is  based. 
It  must  rarelv  happen  that  any  educational  work  maintains  its 
authority,  and  that  over  the  whole  world,  for  a  third  of  a  century. 
Such,  however,  is  the  record  of  Part  II  of  the  Text  Book,  a  work 
which  testifies  at  once  to  the  learning  of  its  author  and  to  the 
literarv  skill  which  has  clothed  with  living  interest  a  subject 
that,  under  other  treatment,  might  so  easily  have  become  dry 
and  repellent. 

The  changes  of  the  last  30  years  have  certainly  not,  however, 
left  our  educational  system  unaltered.  The  young  men  who 
begin  their  actuarial  studies  to-day  are  equipped,  as  a  rule, 
with  a  knowledge  of  advanced  mathematics  which  was  rarely 
available  in  the  school  education  of  30  years  ago.  They  approach 
their  new  studies  from  a  point  of  view  different  from  that  of  the 
generation  whose  needs  inspired  the  Text  Book  of  1887.  Much 
that  was  then  relegated  to  the  category  of  optional  study  for 
those  of  mathematical  taste  has  now  become  the  commonplace 
of  our  science.     AVhile  the  essentials  of  the  Text  Book  must 
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remain,  their  order  must  be  changed  and  their  relative  stress 
must  be  varied.  To  meet  the  altered  conditions  it  has  been 
decided  to  issue  the  new  Text  Book  in  two  volumes,  one 
relating  to  the  mathematical  theory  of  which  a  sound  knowledge 
has  become  essential,  the  other  comprising  a  full  treatise  upon 
the  theory  of  life  contingencies.  The  fact  that  Mr.  A.  Henry 
and  Mr.  E.  F.  Spurgeon  have  agreed,  respectively,  to  become 
responsible  for  the  new  volumes  will  inspire  full  confidence 
in  the  success  of  the  undertaking. 

Turning  to  wider  subjects  we  find  much  cause  for  gratification 
in  the  events  of  the  last  two  years.  If  we  seek  to  test  the  worth 
of  our  professional  work  to  the  community,  the  first  criterion 
which  we  apply  is  naturally  the  progress  of  that  great  business 
of  life  assurance  which  called  the  profession  into  existence  and 
without  which  our  science,  if  it  existed  at  all,  would  be  little 
more  than  a  shadow.  The  faith  of  the  British  pubhc  in  the 
system  of  fife  assurance  might  have  been  highly  tried  by  the 
consequences  of  the  universal  depreciation  of  securities  which 
came  iromediately  with  the  clouds  of  approaching  war  and  was 
intensified  as  the  struggle  developed  and  men  began  dimly  to 
reahze  the  destruction  of  material  capital  and  the  diversion  of 
human  energy  from  productive  work,  to  which,  with  the  loss  of 
valuable  fives,  their  generation  was  called  upon  to  submit.  I 
am  not  sure  that  we  fully  appreciated  the  courage  and  inflexi- 
bifity  of  purpose  of  those  actuaries  who  were  first  required  by 
the  accident  of  fate  to  put  into  practice  the  doctrines  which  in 
days  of  peace,  when  discussion  was  largely  theoretical,  were  laid 
down  without  much  difficulty  as  appropriate  to  certain  eventu- 
afities.  It  w^as  a  different  matter  to  apply  those  doctrines  to 
the  test  under  the  conditions  evoked  by  the  European  War, 
and  honour  is  surely  due  to  those  who,  resisting  an  easier  way 
and  one  for  which  a  plausible  defence  might  doubtless  have  been 
found,  determined  to  stand  by  their  principles  and  to  rely  upon 
the  good  sense  of  their  policyholders  to  support  them.  As 
case  followed  case  in  which  the  distribution  of  profits  was  sus- 
pended, it  was  not  difficult  to  discern  that  public  opinion  was 
supporting  the  Companies  in  the  action  upon  which 
they  had  decided  and  in  regard  to  which  the  views  of  the 
responsible  actuaries  must  generally  have  been  the  deciding 
factor.  Speaking  with  the  freedom  of  one  whose  work  has  lain 
outside  this  particular  field,  I  make  bold  to  say  that  at  no  time  in 
the  long  history  of  the  system  of  life  assurance  did  that  system 
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stand  higher  in  public  opinion  than  at  the  termination  of  the 
war,  when  the  suspension  of  bonus  distributions  had  tended  to 
become  universal.  In  support  of  this  view,  which  has  no  such 
unworthy  basis  as  a  mere  desire  to  say  pleasant  things  to  my 
professional  friends,  I  would  instance  the  quite  remarkable 
progress  in  life  assurance  during  the  year  1919.  This  gives  us 
an  unmistakable  test,  for  with  a  profound  derangement  of 
currency  values  the  effectiveness  of  the  great  mass  of  policies 
of  hfe  assurance  which  represented  provident  transactions,  had 
been  diminished  to  a  menacing  extent.  If  the  system  was  as 
valuable,  and  as  highly  prized  by  the  people,  as  those  immediately 
concerned  would  fain  believe,  they  were  entitled  to  expect  a 
large  expansion  in  the  volume  of  new  assurances  even  before 
the  community  had  settled  down  to  its  normal  hfe,  and 
despite  the  urgency  of  the  need  for  capital  which  was  already 
deflecting  great  sums  to  new  trading  and  industrial  enterprises. 
This  expectation  was  realized.  Comparing  the  year  1919  with  1913, 
the  last  year  before  the  war,  the  new  policies  issued  (not  taking 
account  of  industrial  assurances)  rose  by  70  per-cent,  the  sums 
assured  under  such  pohcies  by  over  100  per-cent  and  the  premiums 
payable  in  relation  thereto  by  150  per-cent.  Our  Institute  is 
a  scientific  community,  but  to  afEect  a  lofty  indifference  to  figures 
.such  as  these  would  be  absurd.  Life  assurance,  if  a  business, 
is  nevertheless  a  great  social  service.  Having  regard  to  its 
intimate  connection  with  our  profession  and  to  the  mutual 
dependence  of  the  two,  we  have  every  reason  to  be  satisfied 
with  the  position  that  the  system  of  life  assurance  holds  in 
public  regard  and  to  express  that  satisfaction  in  any  review  of 
the  progress  of  actuarial  activities. 

But  it  is  not  only  in  the  sphere  of  life  assurance  that  the 
influence  of  actuarial  science  begins  to  flow  in  a  wider  channel. 
In  his  consultative  work  the  actuary  of  estabhshed  repute  has 
frequently  found  himself  in  a  position  of  high  responsibility  and 
has  taken  a  gratifying  share  in  the  guidance  of  undertakings  of 
great  importance.  This  class  of  Avork  in  the  nature  of  the  case 
is  generally  of  a  confidential  character,  and  it  is  possible  neither 
to  survey  it  in  detail  nor  to  discuss  its  developments.  But  there 
is  reason  to  think  that  it  is  increasing  in  volume,  and  I  believe 
that,  with  the  growth  of  pubKc  and  private  spirit  in  regard  to 
those  essential  services  of  which  the  need  has  hitherto  been 
inadequately  acknowledged,  the  actuary's  prospects  of  useful 
w^ork  Avill  further  expand.     It    is  at    once   a   peculiarity  and 
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a  gratifying  incident  of  our  professional  work  that  the  matters  in 
which  the  actuary  is  called  upon  to  exercise  his  skill  relate  as 
a  general  rule  to  undertakings  in  which  large  numbers  of  people 
are  deepty  concerned.  It  is  no  matter  for  surprise  that  a  calling 
round  which  a  veil  of  mysterv  was  long  supposed  to  hang — 
with  a  measure  of  gratification,  I  have  sometimes  thought,  to 
some  among  those  who  practised  it — is  now  becoming,  at  least 
in  name,  famihar  to  the  general  public.  It  follows  that  there  is 
a  growing  recognition  of  the  circumstances  in  which  the  help  of 
the  actuary  should  be  sought.  This,  I  think,  will  continue,  to 
the  advantage  of  the  community  and  certainly  to  the  satis- 
faction of  those  who  believe  in  the  capacity  of  their  profes.sion 
to  minister  to  the  pubhc  Avelfare. 

The  appointment  of  a  member  of  our  profession  to  the 
Departmental  Committee  on  Railway  Superannuation  Funds  was 
some  years  ago  the  subject  of  pleasurable  comment  among  us, 
and,  when  the  Report  of  the  Committee  was  published,  it  was  not 
difficult  for  us  to  discern  how  large  a  part  in  its  work  Mr.  D.  C. 
Eraser  had  taken  and  how  considerable  was  the  influence  which 
had  been  conceded  to  his  technical  knowledge  and  personal 
judgment.  More  recently  we  were  gratified  by  the  appointment 
of  Sir  Gerald  Ryan  to  the  Chairmanship  and  of  Mr.  Ernest  Woods^ 
then  President  of  the  Institute,  to  membership  of  a  Departmental 
Committee  entrusted  with  the  onerous  task  of  revising  the 
National  Insurance  Act  as  a  basis  for  legi^  latiou  in  regard  to 
finance  and  administration.  Remembering  the  satisfaction 
with  which  these  appointments  were  regarded  I  feel  that 
my  address  would  be  incomplete  were  it  not  to  refer  to  the 
part  which  the  actuarial  profession  has  taken  during  the 
past  two  years  in  the  work  of  Royal  Commissions  and 
Departmental  Committees.  The  arduous  labours  of  our  late 
President,  Mr.  Geoffrey  Marks,  on  the  Royal  Commission 
on  the  Income  Tax  are  well  known  to  those  of  us  who  were  in 
close  association  with  Mr.  Marks  during  the  period,  long  in  itself 
but  short  for  a  Royal  Commission,  over  which  the  dehberations 
of  the  Committee  extended.  The  Country  has  cause  to  be  grateful 
to  the  eminent  body  of  Commissioners  who  undertook  the  heavy 
burden  of  revising  our  Income  Tax  system.  Their  Report  is  a 
great  piece  of  constructive  work,  and  the  promptitude  with 
which  their  chief  recommendations  were  incorporated  in  our 
fiscal  system  is  the  best  testimony  to  the  success  which  they 
achieved.     It  cannot  be  expected  that  taxation  in  itself  will 
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ever  be  otherwise  than  disagreeable  to  its  \'ictims,  but  it  is  a 
great  thing  to  remove  those  inequalities  in  the  incidence  of 
taxation  Avhich  create  real  grievances.  I  am  not  bold  enough  to 
predict,  and  certainly  Mr.  Marks  would  not  desire  it  of  me,  that 
inequalities  will  not  reveal  themselves  in  the  new  system.  But 
I  venture  the  opinion  that  the  Royal  Commission  has  found  a 
system  which,  to  take  a  criterion  which  they  adopted,  satisfies 
"  the  common  sense  and  instinctive  judgment  of  the  people.' 
I  cannot  forbear  a  reference  to  the  elegance  of  the  various  curves 
of  taxation  which  result  from  the  apphcation  of  essentially 
practical  methods  of  deductions  and  allowances  from  income 
in  differing  circumstances.  It  must  have  entertained  Mr.  Marks 
when  working  at  the  scheme  with  his  colleagues,  to  discover 
how  effective  a  graduation  could  be  secured,  in  the  particular 
case  before  him,  without  resort  to  those  scientific  processes 
which  it  has  been  our  delight  to  explore  in  Staple  Inn  Hall. 

I  ought,  perhaps,  as  the  President  of  a  scientific  body,  to 
express  a  conventional  sympathy  with  the  views  of  those  who 
regret  that  no  use  has  been  made  of  mathematical  methods.  I 
am  afraid  I  cannot  do  so.  It  may  be  true,  as  an  eminent  professor 
suggests,  that  the  general  pubhc  are  satisfied  to  read  the  dial  of 
a  town  clock  without  going  behind  to  inspect  the  works,*  but  I 
cannot  join  in  the  inference  that  taxpayers  "  are  concerned  only 
with  the  amount  that  each  has  to  pay  "  and  are  uninterested  by 
the  mechanics  of  the  scheme.  With  the  practical  wisdom  of  men 
of  affairs  the  Commissioners  have  chosen  the  better  w^ay  ! 

When  I  come  to  other  enquiries  upon  which  our  profession, 
has  been  represented  I  approach  something  of  a  dilemma.  In 
the  circumstances  of  ofiicial  life  it  has  fallen  to  me  to  take  some 
part  in  these  activities,  and  under  all  ordinary  conditions  I 
should  be  constrained  to  avoid  the  topic.  But  the  opportunities 
which  come  to  our  profession  to  contribute  to  the  solution  of 
problems  of  public  administration  must  always  be  of  interest  to 
us  and,  if  only  as  a  matter  of  historical  record,  the  Presidential 
address  should  include  some  reference  to  them.  It  is  from  this 
point  of  view  that  I  propose  to  deal  Avith  certain  recent  cases. 

The  Royal  Commission  on  Decimal  Coinagef  included  three 
actuaries  among  its  22  members,  and  the  importance  not  less 
than  the  variety  of  the  actuarial  considerations  which  arose  in 
the  course  of  its  work,  and  are  dealt  with  in  the  Report,  emboldens 

*  Eilgewortli,  Hcononiic  Journal,  Sept.  1920,  p.  400. 
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me  to  say  that  the  profession  was  not  over-represented.  The 
active  share  taken  by  Mr.  ]\Iarks  and  Sir  Joseph  Burn  in  the 
proceedings  of  the  Commission  is  indicated  by  the  pubUshed 
evidence.  The  history  of  the  movement  for  placing  our 
currency  upon  a  decimal  basis  is  a  long  one  and  few 
controversies  make  more  interesting  reading.  It  is  scarcely 
too  much  to  say  that  all  that  man  could  do  to  promote  a  project 
of  which  he  was  enamoured  was  done  by  Professor  De  Morgan 
for  decimal  coinage  sixty  years  ago,  and  it  is  evident  from  the 
early  volumes  of  our  Journal  that  his  views,  and  those  of  his 
associates,  exercised  a  powerful  influence  upon  the  actuaries 
of  their  day.  In  the  long  period  which  has  since  elapsed,  the 
penny  has  gained  in  importance  in  many  directions,  and  im- 
measurably so,  for  example,  in  the  case  of  industrial  assurance, 
in  which  it  stands,  undoubtedly,  for  a  definite  fraction  of  the 
gold  sovereign  and  in  that  capacity  governs  fifty  million  contracts. 
It  would  be  useless  to  speculate  as  to  what  the  attitude  would  have 
been  to-day  of  those  who  promoted  the  decimal  system  in  the 
middle  of  the  nineteenth  century.  I  do  not  claim  greater 
wisdom  for  ourselves  than  for  the  able  men  in  our  profession,  or 
associated  with  it,  who  threw  themselves  with  such  ardour  into 
the  battle  then  raging.  But  it  is  permissible  to  express  a  measure 
of  relief  in  the  fact  that  on  the  present  occasion  the  actuarial 
profession  was  uncommitted  to  particular  theories  and  that 
those  among  us  who  were  called  to  serve  on  the  Royal  Commission 
were  unembarrassed,  in  the  exercise  of  their  judgment  on  the 
evidence,  by  any  prior  declaration  of  supposed  corporate 
views.  We  shall  do  well  to  keep  the  significance  of  this  fact 
before  us.  The  Institute  has  rightly  attained  to  great  influence, 
and  that  this  shall  be  upheld  it  is  incumbent  on  us  to  see  that  the 
weight  of  its  authority  is  never  lightly  accorded.  I  have  known 
debatable  projects  other  than  decimal  coinage  in  regard  to 
which  it  has  been  too  easily  assumed,  outside  these  walls,  that 
actuarial  opinion  must  needs  support  particular  \dews. 

The  Departmental  Committee  on  the  Superannuation  of 
Local  Government  Officers*  was  called  upon  to  investigate  a 
question  of  public  importance  on  which  we  speak  with  special 
authoritv,  and  it  was  fitting  that  the  Institute  should  be  directly 
represented  on  the  Committee  as  it  was  in  the  person  of 
Mr.  Elderton.  It  is  seldom,  I  imagine,  that  a  Departmental 
Committee  can  have  found  itself  so  frequently  in  contact  ^vith 

*  Report,  Pari.  Paper,  Ciud.  329. 


1921.]  Address  by  the  President.  269 

actuarial  problems  in  both  their  theoretical  and  practical  aspects, 
and  I  think  I  can  say  for  Mr.  Elderton  and  myself  that  we  shall 
not  easily  lose  the  recollection  of  the  tasks  imposed  upon  us  by 
the  zeal  of  our  colleagues.  In  its  masterly  survey  of  a  subject 
of  singular  complexity  the  Report  owes  much  to  the  chairman, 
Mr.  R.  C.  Norman,  then  Chairman  of  the  London  County  Council, 
but  as  the  matter  is  to  be  dealt  with  by  legislation  and  has  not 
vet  whollv  emerged  from  the  controversial  stage,  it  would  be 
unfitting  for  me  to  comment  upon  the  many  points  of  actuarial 
interest  which  the  Report  explores.  I  should  hke,  however,  to 
suggest  that  ha^dng  regard  to  the  great  number  of  authorities 
and  of  their  employees  whom  the  project  affects,  we  should  be 
rendering  some  service  to  the  pubhc  interest  were  we  to  debate 
the  general  subject  here.  It  would  be  egotistical  to  imagine 
that  there  is  no  room  for  differences  of  actuarial  opinion  on  some 
of  the  questions  treated  by  the  Report  and  a  debate  initiated 
by  one  of  those  actuaries  who  have  acquired  special  experience 
in  the  finance  of  Municipal  Superannuation  Funds  could  not 
fail  to  be  profitable  to  ourselves  as  well  as  beneficial  to  the 
community. 

The  possibility  of  forthcoming  legislation  also  precludes  any 
detailed  reference  to  the  Report  of  the  Departmental  Committee 
on  Workmen's  Compensation.*  But  allusion  may  be  permitted 
to  the  part  which  actuarial  considerations  must  play  in  the 
settlement  of  future  premiums  if  the  proposals  of  the  Committee 
are  adopted,  and  especially  if,  as  the  Committee  recommend, 
the  business  of  insurance  against  Workmen's  Compensation 
risks  is  given  a  compulsory  foundation.  I  hope  I  shall  offend 
no  susceptibihties  when  I  say  that  in  the  course  of  my  work 
upon  the  Committee  I  was  impressed  by  the  limited  part  that 
actuarial  science  had  heretofore  taken  in  the  conduct  of  this 
branch  of  insurance.  To  mention  a  single  point  on  which  our 
science  might  be  helpful  it  would  be  of  great  advantage,  I  am 
convinced,  to  all  concerned  if  the  collection  and  analysis  of  the 
statistics  on  which  the  companies  base  their  rates  were  actuarially 
supervised.  Lest  I  should  be  misunderstood  by  any  of  our  friends 
of  the  accident  ofi&ces  who  may  chance  to  read  my  remarks,  I 
hasten  to  say  that  I  am  not  inviting  them  to  submit  to  such 
elaborations  as  in  the  case  of  the  State  of  California  have  produced 
a  schedule  of  disablement  allowances  providing  for  12,711,240 
different  cases.     We  may  doubtless  accept  the  statement  that 

*  Report,  Pail.  Paper,  Ciiul.  816. 
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these  disablement  ratings  "  have  been  carefully  computed  and 
"  made  readily  understandable  by  a  person  mentally  competent 
"  to  find  in  a  railroad  time-table  when  a  train  leaves."  But  given 
a  series  of  events,  the  probability  of  the  occurrence  of  each  of  them 
is  a  not  unimportant  element  in  the  premium  to  cover  the  risk 
undertaken  by  the  insurer.  Information  unfortunately  stops 
short  at  this  point  and  one  is  left  wondering  whether  the  whole 
transaction,  from  the  calculation  of  the  premium  to  the  assess- 
ment of  the  emerging  claims,  is  as  severely  scientific  as  we  might 
be  tempted  to  imagine. 

The  subject  of  Workmen's  Compensation  has  not,  I  think, 
been  before  us  since  Mr.  Penman  gave  us  his  valuable  paper — 
which  led  to  an  excellent  discussion — in  1910.  Subject  always 
to  the  disturbance  caused  by  the  war,  I  cannot  but  feel  that  many 
questions  then  indeterminate  should  now  be  nearer  solution 
by  actuarial  methods,  and  that,  especially,  the  principles  governing 
the  assessment  of  reserves  for  incumbent  liabiUties  could  again 
be  profitably  explored.  With  this  I  would  add,  as  a  fitting  subject 
for  actuarial  discussion,  the  proposals  of  the  Committee  as  to 
xe-insurance  of  the  liability  for  children's  allowances  in  cases  of 
fatal  accident. 

The  Report  of  the  Departmental  Committee  on  Old  Age 
Pensions*  which  has  been  followed  by  legislation  adding  sub- 
stantially to  the  rates  of  pension  and  to  the  charge  upon  the 
National  Exchequer,  will  probably  be  of  chief  interest  to  actuaries, 
in  their  professional  capacity,  by  reason  of  the  recommendation 
of  the  Committee  that  enquiry  should  be  instituted  into  the 
possibility  of  so  developing  and  extending  the  present  system 
of  National  Insurance  as  to  make  adequate  pro\dsion ,  under  that 
system,  for  all  cases  of  invalidity  and  disability  arising  before 
the  age  of  70.  In  this  the  Committee  found  a  difficult  subject 
and  prudently  left  it  for  extended  examination  at  hands  un- 
trammelled by  the  general  question  which  was  their  immediate 
care.  It  is  clear  that  action  in  the  direction  indicated  by  the 
Committee  would  have  to  be  preceded  by  a  good  deal  of  research 
work,  and  the  question  seems  to  be  one  in  which  the  initiative 
might  well  be  taken  by  private  effort,  prepared  equally,  in  a 
scientific  spirit,  for  negative  as  for  positive  conclusions.  I 
commend  the  subject  to  any  courageous  young  actuary  who  may 
be  disposed  to  survey  the  g^o^\^ng  ramifications  of  our  system 
of  pubhc  assistance.     In  the  course  of  his  studies  he  should  by 

*  Pari.  Papcr/Cmd.  410. 
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no  means  neglect  the  bold  experiments  which  have  been  made 
by  various  of  the  Dominions. 

The  usually  quiet  surface  of  our  professional  life  has  been 
somewhat  ruffled  by  the  Report  of  the  Departmental  Committee 
oil  the  system  of  Industrial  Assurance.*  We  have  discussed 
the  subject  in  general  meeting,  and  very  definite  interest  has 
been  displayed  in  those  points  of  actuarial  practice  which  the 
Report  has  raised.  The  Institute  is  not  concerned,  in  my 
opinion,  in  the  questions  of  business  policy  and  administration 
Xvhich  the  Departmental  Committee  have  examined,  and  no 
reason  other  than  this  is  required  to  lead  to  the  exclusion  of 
these  embarrassing  topics  from  our  debates.  But  on  matters 
affecting  actuarial  practice  the  position  is  otherwise,  and  in  my 
judgment  the  Institute  should  be  prepared  to  continue  the 
discussions  already  initiated,  with  the  purpose  of  eliciting  the 
trend  of  professional  opinion. 

It  is  many  years  since  a  President  surveying  the  opportunities 
of  useful  work  that  lay  open  to  the  Institute  included  "  the 
"  interesting  question  of  industrial  insurance  so  far  as  concerns 
"  the  actuarial  principles  and  processes  obtaining  in  its  adminis- 
'■  tration,  about  which  very  little  is  known. "f 

What  at  that  day  was  "  interesting"  has,  with  the  subsequent 
expansion  of  the  business  of  industrial  assurance,  become  of 
extreme  importance,  and  the  professional  responsibilities  of 
those  of  our  body  who  are  associated  with  the  great  industrial 
companies  are  not  to  be  distinguished  from  those  of  any  other 
class  of  our  members.  Can  it  be  said  that  we  have  devoted  a 
due  share  of  the  time  of  the  Institute  to  the  special  problems 
and  the  difficulties  that  some  of  them  have  to  meet  ?  If  the 
answer  is  in  the  negative  those  immediately  concerned  must 
take  a  share  of  the  blame,  since  in  the  ordinary  course  we 
can  only  discuss  what  is  submitted  to  us,  and  papers  upon 
industrial  assurance  problems  have  been  rare.  But  wherever 
the  fault  lies  the  fact  remains  that  upon  many  questions  affecting 
the  valuation  of  industrial  assurance  companies,  as  for  instance, 
the  growing  divergency  of  the  rates  of  mortaUty  from  the 
favourite  EngUsh  Life  No.  3  Table,  the  allowance  to  be  made 
for  future  expenses,  and  the  proper  treatment  of  "  negative 
values",  or  of  dubious  assets  appearing  in  the  balance  sheets  of 
certain  companies,  there  is  no  authoritative  body  of  professional 
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opinion  to  which  an  actuary  confronted  by  difficulties  can  appeal 
for  guidance.  Our  transactions  are  equally  silent  on  matters 
such  as  the  action  properly  to  be  taken  in  the  various  circumstances 
in  which  a  deficiency  may  appear  on  the  valuation  of  an  industrial 
office,  or  the  points  to  which  an  actuary  should  address  himself 
when  professionally  consulted  with  regard  to  a  proposed  transfer 
of  the  engagements  of  such  an  office.  These  lacunoe  in  the  volume 
of  recorded  actuarial  opinion  are  regrettable,  and  in  my  opinion 
react  seriously  upon  the  apphcability  to  industrial  assurance 
of  the  principles  of  State  supervision  which  are  famiharly 
summarized  in  the  maxim  "  freedom  with. publicity."  Pubhcity 
is  only  a  safeguard  when  translated  into  terms  of  active  and 
competent  criticism  based  upon  knowledge.  It  is  our  task,  I 
submit,  to  encourage  such  debates  in  this  Hall  upon  the  actuarial 
problems  of  industrial  assurance  as,  by  the  interchange  of  ideas 
and  the  subjection  of  personal  views  to  the  discipline  of  examina- 
tion, will  yield  a  body  of  professional  doctrine  for  the  guidance 
of  the  practitioner  and  the  education  of  the  critic. 

Having  resumed  our  sessional  meetings  we  look  to  our 
members  to  contribute  papers  for  discussion.  Apart  from 
contributions  on  the  theory  of  our  science,  the  scope  for  which 
is  possibly  diminishing — though  looking  back  on  actuarial 
history  the  prudent  man  will  hesitate  to  commit  himself  on  the 
point — ^there  are  many  interesting  and  important  practical 
questions  worthy  of  the  attention  of  the  actuary  and  I  propose 
to  avail  myself  of  the  license  usually  taken  by  the  President  to 
suggest  a  few  topics  for  others  to  work  upon. 

I  approach  the  subject  of  life  assurance  with  the  diffidence 
becoming  an  onlooker,  but  consideration  of  the  Board  of  Trade 
returns  suggests  that  the  special  conditions  to  which  the  business 
of  fife  assurance  has  been  subjected  during  the  last  few  years 
might  well  be  brought  up  for  discussion,  and  debate  enriched  by 
the  reflections  of  those  who,  in  positions  of  high  responsibihty, 
have  been  immediately  in  contact  with,  weighty  problems. 

We  recollect  that  after  the  South  African  AVar  we  had  the 
benefit  of  a  valuable  paper  by  Messrs.  Schooling  and  Kusher 
upon  the  mortahty  experience  of  the  Imperial  Forces  during  the 
war.  The  recent  struggle,  with  its  appalhng  list  of  casualties, 
will  furnish  material  on  a  far  greater  scale,  and  in  relation  to 
modern  warfare,  of  a  more  suitable  character,  for  the  guidance  of 
the  actuary  desirous  of  investigating  habilities  which  he  may  be 
invited    or,    in   some    circumstances,    may   be    constrained   to 
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undertake  in  the  course  of  business.  Recognizing  the  probabihties 
of  further  and  still  more  revolutionary  developments  in  the 
methods  of  conducting  hostilities,  it  is  nevertheless  to  be  desired 
that  our  statistics  as  to  the  recent  war  should  be  as  complete  as 
possible.  In  the  records  of  life  offices,  both  ordinary  and 
industrial,  there  must  be  information  on  the  subject  of  great 
importance.  Doubtless  this  would  require  to  be  supplemented, 
in  order  to  secure  its  maximum  statistical  utility,  by  data 
secluded  at  present  in  the  archives  of  Government  Departments. 
That  fact  should  not  deter  such  work  as  is  possible.  The 
task  of  exploring  all  is  doubtless  beyond  the  powers  of 
any  one  man,  as  the  problems  presenting  themselves  for 
investigation  are  beyond  the  scope  of  any  one  contribution  to 
our  discussions.  May  I  hope  that  those  who  have  access  to 
statistical  material  on  the  subject  and  are  free  to  do  so,  wall  give 
the  Institute  the  benefit  of  their  studies  ?  In  this  connection 
I  would  express  the  hope  that,  at  no  distant  date,  there  may 
become  available  for  examination  some  digest  of  the  mass  of 
important  data  which  the  Ministry  of  Pensions  must  be  accumu- 
lating. The  statistics  as  to  widows  and  children  which  the 
]\Iinistry  must  possess,  to  take  one  branch  only  of  its  activities, 
would  prove  of  great  value  in  the  solution  of  various  problems 
in  regard  to  which  it  is  always  difficult  to  find  relevant  data. 
I  speak  from  experience  when  I  say  that,  in  this  comiection,  the 
remarriage  experience  of  the  Crimean  War  widows,  deduced  by 
our  colleague,  Sir  Joseph  Burn,  from  material  provided  by  the 
records  of  the  Patriotic  Fund,  has  been  invaluable  for  actuarial 
purposes.  "N^'hile  I  do  not  overlook  the  consideration  of  expense, 
I  do  not  hesitate  to  say  that  the  community  in  general  and 
actuaries,  as  the  expert  advisers  of  the  community  on  many 
financial  problems,  would  derive  great  advantage  from  the 
systematic  publication  of  statistics  such  as  the  records  of  the 
Ministry  of  Pensions  would  yield. 

To  revert  to  my  main  theme  I  would  make  the  further 
suggestion  that  in  the  financial  con\Tilsions  which  have  produced 
so  great  a  depreciation  of  securities  and  a  correlative  increase 
in  the  rate  of  interest  (tempered,  however,  in  the  latter  case  by 
the  demands  of  the  taxing  authorities)  and  in  the  resulting 
effects  upon  reserves  and  valuation  bases,  there  is  much  to 
invite  investigation  of  old  problems  from  a  new  point  of  view. 
The  violent  derangement  of  the  foreign  exchanges  presents  another 
problem  which,  especially  in  relation  to  business  abroad  must  have 
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given  concern  to  some  of  us  and  ought  to  be  worth  examination, 
while  the  many  indications  of  anxiety  to  do  full  justice  to  classes 
of  policyholders  affected  in  different  ways  by  the  suspension  of 
bonus  distributions  suggest  a  topic  which  is  not  only  worth 
discussion  by  the  Institute,  but  is  the  easier  to  discuss  because 
so  many  of  our  colleagues  have  had  to  face  it  in  practice. 

Questions  relative  to  the  rate  of  mortality  among  annuitants 
have  assumed  a  new  prominence  wath  the  continued  increase  in 
the  net  rate  of  interest  obtainable  in  the  case  of  aimuity  funds. 
The  recent  re\dsion  of  the  terms  upon  which  Government  annuities 
are  sold,  folloA\'ing  the  further  decline  in  the  market  value  of 
Consols,  has  not  passed  unremarked  but  has  done  no  more  than 
stimulate  an  interest  which  was  beginning  to  find  expression. 
There  seems  to  be  no  doubt  that  the  general  experience  is  to 
the  effect  that  no  existing  standard  fully  measures  the  vitality 
of  annuitants  at  the  present  time,  and  the  marked  rise  in  the 
rate  of  interest,  which  normally  might  suggest  a  reduction  in 
the  price  of  annuities,  certainly  cannot  be  considered  apart  from 
this  fact.  When  the  experience  of  annuitants  is  again  tabulated, 
I  confess  that  I  should  like  to  see  specific  attention  given  to  a 
feature  which  has  always  seemed  to  me  to  be  important,  namely, 
the  expectation  of  further  advancement  in  the  duration  of  hfe. 
Past  experience  must  necessarily  be  the  basis  of  our  work,  but  that 
work  relates,  as  a  rule,  to  the  future.  Indeahng  with  annuities 
or  in  the  valuation  of  pension  funds  have  we  always  paid  sufficient 
attention  from  this  point  of  view,  to  the  course  of  past  experience  ? 
The  disturbance  of  accepted  methods  is  admittedly  difficult,  but  it 
is  w^orthy  of  remark  that  Parliament  has  lately  suppHed  us 
with  a  precedent  for  action  within  Avider  Hmits  of  assumption 
than,  commonly,  we  have  hitherto  permitted  to  ourselves.  I 
refer  to  the  Welsh  Church  Act,  1914,  Schedule  4  of  which  lays 
do-v^Ti  the  terms  on  which  the  existing  hfe  interests  of  incumbents 
and  others  shall,  in  certain  circumstances,  be  commuted.  After 
fixinc^  the  rate  of  interest  and  the  basic  tables  of  mortahty,  the 
schedule  goes  on  to  direct  that  allowance  shall  be  made  not 
only  for  the  greater  longevity  of  the  clergy  as  compared  with 
other  classes  of  the  community,  but  also  for  any  prospective 
decrease  in  the  death  rate.  This  last  requirement  has  presented 
an  interesting  actuarial  problem  to  those  who  have  had  to  deal 
with  the  Schedule  and  in  its  general  aspect  I  should  hke  to  see 
it  explored  at  our  Institute,  as  a  subordinate  issue  certainly, 
but  rather  more  than  a  side  issue,  of  some  larger  investigation. 
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In  the  consideration  of  subjects  for  discussion  we  cannot 
overlook  those  developments  of  social  insurance  which  in  recent 
vears  have  done  so  much  to  widen  the  boundaries  of  our  pro- 
fessional influence.  It  is  now  nearly  ten  years  since  the  scheme 
of  National  Health  Insurance  was  submitted  to  the  House  of 
Conmions  and  for  eight  years  that  scheme  has  been  in  full 
operation  associated  \vith  a  modest  plan  of  insurance  against 
unemployment,  which  has  just  been  extended  to  include  some 
twelve  millions  of  people  within  its  scope.  Recalling  the  acute 
pohtical  controversies  in  which  the  Insurance  Act  was  born 
and  through  which  in  its  early  days  it  had  to  struggle,  it  is 
interesting  to  note  how  completely  it  appears  to  have  been 
accepted,  with  the  passage  of  time,  as  an  estabhshed  part  of 
our  social  system.  That  the  recent  enlargement  of  the  contri- 
butions and  benefits  under  both  schemes,  to  give  effect  to  the 
altered  value  of  the  currency,  should  have  been  carried  through 
Parliament  ^Adthout  exciting  a  vestige  of  the  old  controversies 
is  significant.  It  indicates,  I  take  it,  that  in  discussion  the 
subject  may  now  be  approached  without  imeasy  feehngs  of 
pohtical  undercurrents. 

Nothing  perhaps,  in  the  early  years  of  National  Health 
Insurance,  was  so  freely  canvassed  as  the  financial  soundness  of 
the  scheme.  It  is  a  matter  for  regret  that  conditions  due  to  the 
war  have  delayed  the  valuation  of  approved  societies,  but 
the  answers  given  to  recent  Parhamentary  Questions  indicate 
that  progress  is  being  made  and  we  may  not  have  to  wait 
long  for  information  on  a  subject  in  which  actuaries  must  be 
keenly  interested.  Having  regard  to  the  strength  of  the  original 
work  of  our  distinguished  brethren,  Sir  George  Hardy  and 
Mr.  Wyatt,  the  stabilising  amendments  for  which  Sir  Gerald 
Ryan's  Committee  was  responsible  and  the  fall  of  the  claims  in 
recent  years,  as  indicated  by  the  pubhshed  reports  of  the  Depart- 
ment, we  shall  be  justified  in  awaiting  the  valuation  results  vrith 
some  complacency.  The  future  of  the  scheme  cannot  but  be 
influenced,  moreover,  by  the  high  rate  of  interest,  free  of  income 
tax,  obtainable  on  the  investments  of  the  large  accruing  funds. 
These  akeady  amounted  on  31  March  1920  to  £78,000,000. 
After  taking  into  account  depreciation,  an  element  of  possibly 
limited  importance  in  the  special  circumstances  of  the  case,  profit 
from  interest  should  become  a  substantial  factor. 

Some   general   questions   connected   with   social   insurances 
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appear  to  have  escaped  full  discussion,  and  I  think,  are  worthy 
of  our  attention,  as  persons  who  should  be  mleresled  in  financial 
problems.  We  have  in  each  of  the  two  existing  plans  of  State 
Insurance  a  scheme  under  which  the  contributions  are  provided 
jointly  by  employers,  by  employees  and  by  the  State.  The 
distribution  of  the  burden  among  the  three  parties  concerned 
is  not  the  same  in  both  the  schemes  nor  is  the  form  which  the  State 
contribution  takes,  though  in  the  long  run,  doubtless,  the 
substance  is  the  same.  It  is  an  interesting  speculation  as  to 
what  the  contributions  of  the  several  parties  ought,  theoretically, 
to  be  for  different  forms  of  insurance  effected  under  compulsion, 
and  whether  there  is  a  guiding  principle  by  which  Parliament 
can  direct  itself  in  such  matters.  I  realize  that  the  question 
involves  economic  doctrine,  tempered  by  the  psychology  of 
taxation,  and  that  problems  of  the  land  are  seldom  of  the  order 
for  which  positive  solutions  can  be  found.  But  I  express  the 
opinion  that  a  discussion  of  the  economics  of  social  insurance 
with  special  reference  to  the  distribution  of  the  burden  would  at 
the  least  afford  an  attractive  intellectual  exercise. 

There  are  other  points,  more  certainly  falling  within  our 
professional  sphere,  upon  which  some  of  our  members  are 
in  a  position  to  enlighten  us.  Statistics  as  to  industrial  hfe 
are  far  from  complete.  We  can  get  from  the  census  an  approxi- 
mation to  the  numbers  of  employed  people  in  successive  age 
groups.  AVe  find  a  heavy  decrease  in  those  numbers  as  age 
advances.  We  know,  of  course,  that  mortahty,  emigration, 
and,  in  the  case  of  women,  marriage,  are  operating  to  reduce  the 
numbers  employed,  while  errors  of  age,  whether  wilful  or  other- 
wise, obscure  the  clarity  of  all  censal  figures.  But  with  all  these 
factors  properly  discounted,  there  still  remain  discrepancies, 
puzzling  to  the  student  and  a  distracting  influence  in  practical 
estimates.  Approved  societies  are  in  a  position  to  add  to  our 
knowledge  in  these  matters.  Their  records,  if  tabulated  and 
analyzed,  should  throw  light  on  the  movement  of  the 
population  between  industrial  employment  and  other  vocations  ; 
equally  they  should  yield  valuable  information  as  to  the  rates  of 
sickness  prevalent  from  time  to  time  in  different  classes  of  the 
community,  while  statistics  as  to  the  contributions  paid  might 
enlighten  us  as  to  the  course  of  employment  and  the  efiect  of 
age  upon  unemployment,  a  subject  to  which  much  rhetoric  has 
been  devoted  but  as  to  which  httle  is  known  in  fact.  It  is 
possible  no  doubt  that  official  attention  will  from  time  to  time 
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be  directed  to  some  of  these  points,  but  official  investigations 
are  subject  to  limitations  which  do  not  apply  to  private  research, 
especially  when  the  sources  of  information  are  less  directly 
available  to  the  official  than  to  the  private  investigator.  Those 
of  our  members  who  have  access  to  facts  that  can  tell  us  much 
of  the  social  conditions  of  the  people  should  be  eager  to  use  their 
opportunity. 

The  problem  of  unemployment  has  received  little  attention 
from  our  profession  and  when  a  beginning  was  made  with  un- 
employment insurance  as  a  national  responsibility  in  1911,  the 
reports  of  Mr.  Ackland  practically  broke  new  ground  so  far  as 
actuaries  were  concerned.  May  I  express  the  hope  that  the 
Bill  of  1920  (now  an  Act),  with  the  call  which  it  made  for  further 
actuarial  work,  \^dll  stimulate  professional  interest  in  the  subject  ? 
To  those  who  are  inclined  to  take  up  the  problems  of 
unemployment  with  special  reference  to  their  financial  incidence, 
I  would  recommend  a  preliminary  perusal  of  Sir  William 
Beveridge's  valuable  work  entitled  "  Unemployment  :  A 
Problem  of  Industry."  Apart  from  its  absorbing  general 
interest  this  volume  indicates  in  some  degree  the  nature  of 
certain  difficulties  which  beset  the  eminent  actuaries  who  were 
asked,  some  dozen  years  ago,  to  advise  the  Royal  Commission  on 
the  Poor  Law. 

Apart  from  the  practical  troubles  in  which  an  actuary  finds 
himself  involved  when  called  upon  to  consider  a  subject  without 
reliable  data,  a  point  upon  which  unemployment  insurance  is 
certainly  distinguished  from  most  contingencies  with  which  we 
are  required  to  deal,  there  appears  to  me  to  be  one  great  difference 
between  the  subjects  of  our  daily  work  and  unemployment 
insurance.  Whereas  in  the  former  we  have  types  of  risk  that 
increase  more  or  less  steadily  with  age  and  demand  the  constant 
growth  of  reserves  over  long  periods,  we  have,  in  unemployment 
a  risk  which  moves  in  cycles  dependent  on  the  course  of  trade. 
The  theory  of  insurance  in  regard  to  this  contingency  predicates 
the  accumulation  of  reserves  in  times  of  active  trade  and  their 
absorption  in  periods  of  stress.  In  the  practical  operation  of  a 
national  enterprise  this  may  have  awkward  reactions. 

If  the  new  scheme  of  insurance  against  unemployment  should 
operate  in  accordance  with  the  theoretical  premises — and  I  see  no 
reason  to  expect  the  contrary — we  must  be  prepared  for  cyclical 
movements  of  the  fund  of  a  kind  to  which  we  are  unaccustomed 
in  any  other   form  of  insurance.      This  may  be   accompanied 
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by  some  degree  of  popular  misapprehension,  leading  at  one 
time  to  demands  for  extension  of  benefits,  and  at  another  to 
vaticinations  as  to  a  coming  collapse,  both  equally  unreasonable. 
Actuaries  will  do  good  service  to  the  public  if  they  will  interest 
themselves  in  unemployment  insurance  from  their  own  special 
point  of  view,  and  assist  in  the  dissemination  of  sound  knowledge 
as  to  its  financial  characteristics. 

The  Ministry  of  Labour  is  another  department  which,  if  only 
through  its  administration  of  the  Unemployment  Insurance 
Act,  should  be  able  to  contribute  statistics  relative  to 
social  conditions.  The  rule  which  limits  unemployment  benefit 
during  the  insured  life-time  of  the  contributor  to  one  week  for 
every  six  contribvitions  he  has  paid  makes  it  necessary  to  keep 
a  running  account  in  respect  of  the  contributions  and  benefits 
of  each  person  among  the  millions  brought  under  the  scheme, 
and  with  the  record  available  of  the  industry,  and  the  particular 
occuj)ation  in  that  industry,  in  which  each  person  is  engaged, 
the  Ministrv  will  find  itself,  in  the  course  of  time,  in  the  possession 
of  a  volume  of  facts  rivalling  that  presented  by  a  census,  while 
affording  a  wealth  of  details  as  to  industrial  conditions  to  which 
no  census-taker  could  aspire.  We  actuaries  have  more  than  a 
general  interest  in  statistics  such  as  these  records  would  yield. 
Thev  would  give  us  the  material  for  the  solution  of  some  of 
the  new  problems  which  we  must  expect  in  the  gradual  expansion 
of  our  professional  work. 

It  is  perhaps  worth  mention  that  the  Unemployment  Insur- 
ance Act  opens  out  the  prospect  of  some  measure  of  interesting 
emplovment  for  our  profession.  I  refer  to  the  provisions  of 
the  Statute  under  which  in  lieu  of  insurance  through  the  general 
scheme  any  industry  may.  under  certain  conditions,  set  up  a 
scheme  of  unemployment  insurance  for  itself  or  may  adopt  a 
supplementary  scheme.  The  benefits  pro\-ided  by  a  special 
scheme,  though  not  less  favourable,  may  be  widely  different 
from  those  of  the  Act  and  may  include  provision  for  partial 
unemployment,  such  as  "short-time""  and  loss  of  wages  through 
exceptional  conditions.  I  imagine  that  sooner  or  later  the  pro- 
visions as  to  special  and  supplementary  schemes  will  enjoy  a 
certain  amount  of  popularity,  but  I  do  not  think  that  in  their 
financial  details  they  can  proceed  far  without  assistance  such  as, 
given  suitable  data,  the  actuarial  profession  would  be  prepared 
to  render. 

Thus  far  I  have  dealt  with  schemes  that  are  now  on  the 


1921.]  Address  by  the  President,  279 

Statute  book,  but  we  have  precedents  for  the  discussion  of 
projects  of  social  welfare  before  the  stage  of  legislation  is  reached. 
I  recall  particularly  the  valuable  papers  which  were  presented 
to  us  by  the  late  Mr.  R.  P.  Hardy  "  On  the  formulse  for  deter- 
"  mining  the  value  of  benefits  according  to  the  principle  of 
'■  collective  assurance  ",  and  by  Mr.  T.  E.  Young  on  "The  German 
law  of  insurance  against  invalidity  and  old  age."  Remembering 
the  profitable  discussions  w^hich  those  papers  evoked,  there  are, 
I  thiiilc,  other  subjects  which  might,  at  their  present  stage,  be 
examined  here  in  the  same  spirit  of  scientific  enquiry.  One  of 
these  is  presented  by  the  proposal  for  "  wdows'  pensions,"  a 
question  which,  naturally,  excites  much  interest  and  has  been 
the  subject  of  debate  in  Parliament.  Eecent  answers  to  Parlia- 
mentary questions  indicate  that  cost  is  one,  perhaps  the  chief  > 
stumbhng  block,  and  actuaries  can  judge  better  than  most  people 
how  formidable  that  obstacle  is.  ^Vhat  is  advocated,  apparently, 
is  something  in  the  nature  of  a  family  annuity,  continuing 
during  the  dependency  of  the  children.  It  is  doubtful  whether 
in  practice  the  problem  could  be  so  limited.  The  future  of  the 
home-keeping  mother  must,  it  seems  to  me,  be  safeguarded  after 
her  children  have  passed  beyond  her  care  and  when  through 
long  disuse,  enforced  by  the  scheme  itself,  her  industrial 
powers  have  become  atrophied.  Faihng  the  acceptance  by 
the  State  of  a  huge  new  burden,  from  which  in  present 
circumstances  public  men  may  well  recoil,  is  it  possible 
that  the  problem  of  the  widow  and  orphans  is  capable  of 
treatment  by  the  methods  of  collective  assurance  I  How^ 
assurance  in  this  case  should  be  arranged,  whether  it  should 
be  voluntary  or  compulsory,  and  what  the  contributions 
for  particular  benefits  should  be  under  various  alternative 
conditions,  are  matters  well  worthy  of  the  study  of  actuaries 
and  I  commend  them  to  any  who  may  be  looking  for  an  attractive 
subject  for  research.  Even  in  its  purely  theoretical  aspect  the 
measurement  of  the  risk  here  indicated  and  the  determination 
of  a  premium  is  an  interesting  study,  regard  being  had  to  the 
present  limitations  of  the  census  material  and  the  scientific 
de\nces  to  which  the  actuary  must  resort  to  overcome  them. 

It  is  desirable,  I  think,  again  to  call  your  attention  to  a 
matter  which  was  dealt  with  in  the  last  Presidential  address 
and  has  acquired  additional  importance  in  the  last  two  years,  a 
period  of  greatly  rising  prices  and  consequent  adjustments, 
more   or  less  permanent,  in   scales   of  salaries   and   wages.     I 
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refer  to  the  present  situation  in  regard  to  Superannuation  and 
Pension  Funds.  We  are  familiar,  of  course,  with  the  Superannua- 
tion Funds  of  the  great  railway  companies  and  public  utility 
services,  but  the  funds  associated  with  many  important  com- 
mercial undertakings,  which  rarely  come  under  public  notice, 
are  believed  to  be  very  numerous  and  to  afford  the  hope  of 
security  in  declining  life  to  large  numbers  of  our  people.  On 
the  actuarial  problems  associated  with  these  fmids  our  Journal 
contains  many  notable  papers,  and  so  far  as  methods  of  valuation 
are  concerned  httle  remains  to  be  done,  though  there  is  still 
scope  for  original  work  in  one  or  two  directions.  In  regard, 
for  instance,  to  the  rates  of  mortality  among  pensioners  and  the 
extent  to  which  select  functions  should  be  used  in  the  valuation 
of  disablement  pensions,  we  still  lack  authoritative  pronounce- 
ments based  upon  full  investigation.  But  points  such  as 
this  cannot  take  rank  in  importance  with  recent  developments. 
The  system  under  which  both  contribution  and  pension  are  based 
upon  the  salary  of  the  individual  was  never  A^nthout  its  difficulties, 
as  every  actuary  who  has  undertaken  the  responsible  work  of 
ad\nsing  on  the  position  of  superannuation  funds  will  testify. 
The  system  assumed  that  the  scales  of  emolument  would  be 
stable  and  would  also  govern  the  pensions  when  these  enured. 
The  assumption  was  not  always  reahzed,  but  the  basis  was 
fairly  stable,  and  the  difficulties  which  arose  were  generally 
capable  of  adjustment  With  the  great  increase  of  salaries  and 
wages  in  recent  years  a  new  situation  has  arisen,  and  an  altered 
standard  of  future  pensions  has  to  be  recognized.  It  is  true 
that  future  contributions  will  also  follow  the  general  rise  in 
emoluments,  but  whence  is  the  corresponding  increment  to  the 
reserves  to  be  obtained  ?  So  far  from  this  being  in  sight  it  is 
at  least  probable  that,  in  some  cases,  a  serious  depreciation  of 
the  securities  representing  existing  funds  has  to  be  faced.  Some 
little  comfort  is  to  be  derived,  no  doubt,  from  the  fact  that 
substantially  higher  rates  of  interest  may  be  looked  for  in  the 
future  while  the  position  as  to  the  contributions  for  new  entrants 
may  even  have  been  improved.  But  the  value  of  these  factors 
should  not  be  exaggerated.  In  the  coming  adjustments  dehcate 
and  difficult  questions  must  arise  as  to  the  apportionment  of 
new  burdens  between  employers  and  employed.  The  need  for 
skilled  actuarial  assistance  \d\\  be  insistent,  and  our  profession 
should,  in  my  judgment,  be  preparing  itself  by  frank  discussion 
of  the  problem  among  ourselves.     I  have  reason  to  understand 
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that  during  the  coining  session  Ave  shall  have  at  least  one  paper 
which  will  give  us  the  opportunity  of  surveying  this  thorny 
field.  One  other  point  impresses  itself  forcibly  upon  me.  I 
apprehend  that  the  disclosure  of  serious  valuation  results  will 
be  followed  bv  an  outburst  of  the  criticisms  of  actuarial  methods 
and  conclusions  which  to  a  certain  type  of  mind  are  so  much 
better  than  facing  the  real  issue.  Such  a  situation  may  call 
for  a  demonstration  of  those  principles  of  professional  loyalty 
and  support  of  which  the  development  is  undoubtedly  one  of 
the  chief  purposes  of  the  Institute. 

The  actuarial  profession  has  always  taken  a  special  interest, 
for  obvious  reasons,  in  the  decennial  censuses  of  the  poj)ulation 
of  the  United  Kingdom,  and  many  things  combine  to  stimulate 
this  interest  in  regard  to  the  census  to  be  taken  in  the  spring  of 
next  year.  "We  have  been  gratified  by  the  opportunity  given 
to  us  bv  the  authorities  to  express  our  views  as  to  the  items 
which  should  be  included  in  the  Householder's  Schedule.  AVe 
hope  that  vre  may  be  permitted  to  make  representations  as  to 
the  form  in  which  the  facts  shall  be  tabulated  and  presented. 
We  remember,  with  satisfaction,  that  on  the  occasion  of  the 
last  census  certain  parts  of  the  work  and  notably  the  preparation 
of  the  national  life  tables  were,  for  the  first  time,  placed  in  the 
hands  of  a  member  of  our  profession,  and  we  regard  'SA'ith  both 
respect  and  admiration  the  results  of  Mr.  George  King's  labours 
in  this  connection.  It  is  at  least  unlikely  that  the  preparation 
of  the  forthcoming  and  future  life  tables  ^^ill  be  entrusted  to 
other  than  actuarial  hands,  while  as  regards  the  subject  in  its 
wider  aspect  the  profession  will  learn  with  pleasure  that  a  Fellow 
of  the  Institute  is  acting  as  secretary  to  the  official  body  charged 
with  the  preliminary  work  and  the  general  oversight  of  the 
census. 

Our  JouriKil  contains  many  references  to  the  census  and  the 
subject  has  been  frequently  debated  among  us,  the  last  occasion 
of  formal  discussion  on  the  general  question  having  been,  I 
think,  in  1901,  when  we  had  before  us  a  valuable  paper  by 
Sir  Gerald  Ryan,  entitled  '"  The  Case  for  Census  Reform."  In 
these  circumstances  it  is  unnecessary  for  me  to  apologize  for 
bringing  to  your  notice  the  Census  Act,  1920,  which  is  the 
authority  for  the  census  of  1921.  Dift'ering  from  pre\'ious 
measures  of  the  land,  this  Act  is  permanent  in  its  operation,  and 
it  will  no  longer  be  necessar}'  for  a  separate  Act  to  be  obtained 
in  respect  of  each  decennial  census.     The  authority  to  take  a 
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particular  census  vail  be  derived,  in  future,  from  an  Order  in 
Council,  made  under  the  Act  of  1920,  and  duly  laid  before 
Parliament.  The  limitation  of  the  Act  that  an  Order  shall  not 
be  made  at  shorter  intervals  than  five  years  indirectly  marks  a 
great  advance  upon  the  previous  practice,  since  it  gives  authority 
for  that  quinquennial  enumeration  for  which  all  who  have  to 
deal  seriously  wdth  statistics  have  long  pleaded.  In  view  of 
the  cost  of  a  census  and  of  the  time  absorbed  by  the  tabulation 
and  presentation  of  its  results,  it  is  reasonable  to  doubt  whether 
the  full  enquiry  to  which  we  are  accustomed  will,  or  need  be 
repeated  at  shorter  intervals  than  ten  years,  as  heretofore,  but 
the  power  to  make  even  a  limited  enumeration  of  the  people  at 
intervals  of  five  years  should  be  of  great  value.  It  is  also  worthy 
of  note  that  a  census  may  be  authorized  at  any  time  in  respect 
of  the  population  of  a  local  area.  The  expense  of  such  a  census 
will  be  borne  by  the  local  authority,  at  whose  instance  it  must  be 
taken. 

The  provision  of  permanent  censal  machinery  raises  wider 
questions,  as  to  the  proper  scope  of  a  census,  than  might  have 
presented  themselves  in  regard  to  a  single  enumeration.  The 
matters  on  which  enquiry  may  be  made  are  contained  in  the 
Schedule  to  the  Act,  and  on  such  familiar  and  essential  points  as 
name,  age,  sex,  occupation,  condition  as  to  marriage,  &c.,  the 
Act  provides  that  the  Order  in  Council,  if  not  objected  to  by 
either  of  the  Houses  of  Parliameiit,  shall  confer  the  necessary 
authority.  But  a  different  procedure  is  laid  down  with  regard 
to  certain  powers  on  the  proper  use  of  which  actuaries  and 
statisticians  will  certainly  be  disposed  to  lay  great  stress.  These 
provide  that  enquiries  may  be  made  as  to  "  any  other  matters 
''  with  respect  to  which  it  is  desirable  to  obtain  statistical 
"  information  with  a  view  to  ascertaining  the  social  or  ci\al 
■'  condition  of  the  population",  and  authority  to  use  these  powers 
must  be  conferred  by  specific  resolution  of  both  Houses  of 
Parliament.  It  is  interesting  to  observe,  in  this  connection, 
that  the  draft  Order  which  was  recently  laid  in  regard  to  the 
Census  of  1921  proposes,  with  the  assent  of  ParHament,  to  use 
the  special  powers  for  two  purposes.  The  first  is  to  obtain 
particulars  as  to  the  number  and  ages  of  all  hving  children,  and 
step-children,  under  16  years  of  age  in  respect  of  married  men, 
widowers  and  widows.  The  second  is  to  ascertain  whether  each 
of  the  parents  of  an  enumerated  child  is  h\'ing  or  dead. 

I  have  no  doubt  that  actuaries  will  be  unanimous  in  the 
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\dew  that  particulars  such  as  these  are  essential  to  a  complete 
study  of  the  condition  of  the  people.  The  tabulation  of 
statistics  of  families  in  relation  to  locality,  to  the  ages  of  parents 
and  to  the  industries  and  occupations  of  the  parents,  would 
obviously  supply  a  notable  addition  to  our  scientific  equipment, 
and  on  this  ground  alone  would  command  our  assent.  But 
this  apart,  we  are  prepared  to  take  our  share  in  all  statistical 
investigations  which  can  add  to  the  public  knowledge  on  matters 
affecting  the  welfare  of  the  community,  and  the  collection  of  any 
material  tending  to  increase  our  capacity  in  this  direction  will 
receive  our  warm  support. 

It  is  proposed  by  the  draft  Order  that,  on  the  present  occasion, 
age  shall  be  stated  in  "  years  and  months  "  instead  of  in  "  years  " 
only.  I  do  not  take  this  to  indicate  a  desire  for  meticulous 
detail,  but  rather  to  represent  an  effort  to  overcome,  by  suggestion, 
the  tendency  to  loose  and  inaccurate  statement  of  ages  which  has 
hitherto  been  an  exasperating  feature  of  censal  work,  and  in 
actuarial  opinion  has  reflected  seriously  upon  the  authority  of 
successive  National  Life  Tables.  Assuming  this  to  be  its  purpose 
the  new  proposal  will  be  endorsed  by  actuaries,  vrho  will  be 
keenly  interested  in  its  outcome. 

Section  5  of  the  new  Census  Act  is  worth  quotation  in  full. 
It  is  to  the  following  effect  : 

"  It  shall  be  the  duty  of  the  Registrar-General  from  time 
'■  to  time  to   collect   and  publish  any  available  statistical 
"  information  ^vith  respect  to  the  number  and  condition  of 
"  the  population  in  the  interval  between  one  census  and 
"  another,  and  otherwise  to  further  the  supply  and  pro\'ide 
"  for  the  better  co-ordination  of  such  information,  and  the 
"  Registrar-General    may    make    arrangements    with    any 
"  Government  Department  or  local  authority  for  the  purpose 
'■  of  acquiring  any  materials  or  information  necessary  for 
"  the  purpose  aforesaid." 
The  powers  conferred  upon  the  Registrar-General  by  this  Section 
would  appear  to  open  up  the  possibility  of  a  great  extension  of 
the  utility  of  the  statistical  side  of  his  Department.     It  seems 
reasonable  to  hope  that  by  co-operation  between  the  Registrar- 
General  and  other  public  authorities  we  may  obtain  hereafter 
in  systematized   and   co-ordinated    fashion   a    great    deal    of 
statistical  information  vrhich  has  not  been  available  in  the  past. 
or  has  made  its  appearance  under  conditions  such  as  to  detract 
materially  from  its  value  for  research  purposes. 
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From  this  brief  summary  of  the  provisions  of  the  Census  Act 
it  will  be  seen  that  the  Act  marks  a  distinct  step  forward  and 
goes  a  long  way  to  meet  the  criticisms  which  have  been  levelled 
against  the  arrangements  which  have  hitherto  been  in  force. 
In  this  connection  it  is,  I  think,  important  to  recognize  that  the 
question  as  to  what  a  census  should  include  is  viewed  from 
various  angles  by  different  people.  It  is  fitting  that  actuaries 
should  have  definite  ideas,  well  in  advance  of  those  of  the  general 
community,  on  this  subject,  and  it  is,  jjerhaps,  ine\'itable  that 
when  the  scope  of  the  census  falls  short  of  our  ideals  the  criticisms 
in  which  we  are  prompted  to  indulge  should  be  aimed  at 
the  departmental  officials,  who  are  supposed  to  be  responsible 
generally  for  the  whole  scheme  of  the  census  and  specially 
responsible  for  its  shortcomings.  To  those  who  hold  that  view 
I  would  recommend  perusal  of  the  debates  in  the  House 
of  Commons  on  the  Census  Bill  of  1920.  I  do  not  think, 
and,  if  I  did  it  would  be  improper  for  me  to  suggest,  that  the 
Act,  as  passed,  imposes  any  limitations  of  an  unreasonable 
kind  upon  those  whom  it  is  the  fashion  to  label  the  bureaucracy. 
But  while  the  Act  provides  means  for  obtaining  a  comprehensive 
statement  of  the  condition  of  the  people,  such  as  a  census 
ought  to  yield,  the  debates  show  that  members  of  Parha- 
ment  are  closely  interested  in  the  subject,  suspicious  of 
ambiguous  phrases  and  determined  to  oppose  anything 
that  savours  of  intrusion  into  the  private  affairs  of  the 
citizen.  For  one  reason  or  another  the  State  has  invaded 
this  domain  so  much  in  recent  years  that  one  seems  to  be 
carried  back  a  generation  or  more  in  reading  the  debates  on  the 
Census  Bill.  It  is,  nevertheless,  right  that  the  representatives 
of  the  people  should  be  sensitive  as  to  the  nature  of  the  enquiries 
proposed  to  be  made  in  the  census.  I  only  mention  the  matter 
here  to  lay  stress  on  the  fact,  which  I  think  has  sometimes  been 
forgotten,  that  when  statisticians  put  up  demands  they 
should,  in  justice  to  ministers  and  officials,  remember  that 
their  proposals,  if  adopted,  will  have  to  be  justified  to  Parliament, 
and  must  be  supported  by  evidence  of  real  need. 

It  wall  not,  perhaps,  be  out  of  place  to  remind  you  that 
between  taldng  the  census  and  preparing  for  the  tabulation  of 
its  more  refined  products,  some  fittle  time  elapses  which  should 
be  turned  to  advantage  by  those  who  are  specially  interested. 
The  classification  of  the  facts  with  reference  to  industry,  occu- 
pation, conjugal   status,  dependency  and  the  like,  offers  a  wide 
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field  for  exploration  and  discussion.  To  obtain  data  for  the 
solution  of  problems  coming  before  us  in  our  practice,  many  of 
us  must  have  had  occasion  to  resort  to  the  numerous  volumes 
in  Avhich  the  results  of  the  census  are  published.  Others  of  us 
are  keenly  interested  in  social  questions  for  the  advancement 
of  which  we  have  found  it  necessary  to  refer  to  censal  reports. 
It  would  be  affectation  to  pretend  that  we  have  always 
found  what  we  wanted  and  we  have  often  been  inclined  to 
think  that,  A^dthin  the  limits  of  the  facts  gathered,  something 
more  might  have  been  given  to  the  world  with  little  additional 
trouble.  May  I  suggest  to  this  meeting  the  possibility  of  another 
discussion  upon  the  subject  of  censal  tabulation.  A  paper  of 
modest  scope,  if  promptly  submitted,  would  afford  an  adequate 
basis  for  debate. 

ily  remarks  may  fittingly  close  with  a  reference  to  the 
recent  labours  of  the  Institute  on  behalf  of  the  Royal  Patriotic 
Fund  Corporation.  We  have  for  many  years  undertaken  the 
actuarial  work  required  by  the  Corporation,  accepting  the  duty 
as  a  privilege  and  an  opportunity  to  acknowledge  our  share 
of  the  debt  which  the  country  owes  to  those  who  fought  and 
died  in  its  ser\'ice  in  the  Victorian  era.  Under  the  influence  of 
the  Great  War  the  public  conscience  has  awakened  more  fully  to 
its  duty  to  those  who  have  fought  its  battles,  and  with  the 
substantial  provision  for  the  sufferers  made  by  the  State  it  is 
no  longer  necessary  to  appeal  to  private  benevolence.  But  the 
Royal  Patriotic  Fund  Corporation,  under  the  Presidency  of 
H.R.H.  The  Duke  of  Connaught,  continues  to  administer  the 
honourable  trust  handed  down  to  it  from  the  last  generation, 
and  the  membership  of  the  Corporation,  conferred  by  statute 
upon  the  President  of  the  Institute,  is  one  of  the  most  highly 
prized  attributes  of  the  occupancy  of  this  Chair.  It  is  a  matter 
for  deep  satisfaction  that  during  the  last  two  years  the  Institute 
has  been  able  to  give  its  assistance  in  the  heavy  work  of  revising 
the  pensions  and  allowances  paid  by  the  Corporation,  a  task 
imposed  by  economic  conditions  which  must  have  severelv 
affected  the  recipients  of  small  pensions.  It  is  only  fitting 
that  I  should  add  that  in  my  attendances  at  the  Committees  of 
the  Corporation  on  which  your  President  serves,  I  have  been 
impressed  by  the  reahty  of  the  duties  and  especially  by  the 
great  influence  which,  in  a  difficult  period  of  financial  adjustment, 
was  exercised  by  my  predecessor. 
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On  a  Short  Method  of  Constructing  Select  Mortality  Tables.     By 
George  King,  F.I. A.,  F.F.A.,  F.A.S.,  Consulting  Actuary. 

[Submitted  to  the  Institute,  17  January  1921.] 

1.  An  apology  is  scarcely  required  for  explaining  an  easy 
method  of  constructing  select  mortality  tables  ;  and  it  is 
hoped  that  the  method  now  described  and  illustrated  %^-ill  prove 
useful  to  others,  and  that  they  also  will  find  that  it  gives  results 
sufficiently  accurate  for  all  ordinary  purposes. 

2.  Hitherto,  select  mortahty  tables  have  been  constructed 
only  bv  very  elaborate  processes  ;  and  the  amount  of  labour 
involved  is  practically  prohibitive  in  such  cases  as  occur  now 
and  then  in  actuarial  practice.  Possibly  many  actuaries  do  not 
often  require  special  tables  of  the  kind,  but  occasions  do  arise 
where  it  is  of  real  importance  to  construct  them.  This  happened 
to  me  in  respect  of  the  experience  of  the  female  annuitants  of 
the  Royal  National  Pension  Fund  for  Nurses,  and  hence  the 
method  which  I  now  suggest  was  devised. 

3.  The  first  select  tables  constructed  for  practical  use  were 
those  of  the  late  Dr.  Sprague,  whose  loss,  so  recent,  we  have 
to  deplore  ;  and  his  method  was  set  forth  in  1878  in  great  fubiess 
in  his  paper,  J.I.A.,  vol.  xxi,  p.  229.  They  were  based  upon  the 
Institute  of  Actuaries  H-^^  Experience,  but  that  experience  was 
comphcated  by  the  fact  that  the  ages  taken  were  those  next 
birthday,  and  the  first  year  of  the  select  period  was  really  only 
half  a  year,  while  the  succeeding  years  ran  also  from  half-year 
to  half-year.  More  recent  experiences  are  not  subject  to  this 
disability. 

4.  Dr.  Sprague  took  the  H-^^^^^  Table  as  the  ultimate,  and 
he  made  it  a  point  to  join  on  closely  the  tables  for  the  five  years 
of  selection  with  the  ultimate  table  ;  and  this  resulted  in  the 
necessity  of  applying  a  certain  amount  of  what  may  ahnost  be 
called  violence  to  the  probabihties.  Frequently,  therefore,  the 
methods  have  the  appearance  of  being  empirical  and  unsatis- 
factory. Nevertheless,  under  all  the  then  circumstances,  these 
select  tables  were  a  great  success,  and  the  profession  owes  a  deep 
debt  of  gratitude  to  Dr.  Sprague  as  their  author.  Dr.  Sprague 
made  use  of  the  whole  of  the  H-^^  Experience  ;  but,  for  the  five 
years  of  selection,  he  grouped  the  ages  at  entry  into  periods  of 
five  years,  taking  ages  20,  25,  &c.,  as  central  to  these  periods  ; 
and,  by  keeping  the  periods  quite  separate  from  each  other,  the 
results  were  made  to  depend    exclusively  on   quinary  groups  of 
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ages  ;  with  the  consequence  that  the  irregularities  in  the  data 
are  not  fully  eliminated.  It  is  almost  necessary  in  such  cases 
to  have  a  broader  basis  than  independent  quinary  groups  on 
which  to  build  the  edifice. 

5.  The  second  set  published  of  select  tables  was  that  based 
upon  the  Government  Annuity  Experience,  1883.  Only  four 
years  were  included  in  the  select  period  ;  and,  for  the  ultimate 
table,  the  (/^  of  the  crude  data  was  graduated  by  Woolhouse's 
formula ;  but  the  graduation  was  really  very  rough,  and 
Dr.  Sprague's  report  on  Graduation  included  in  the  volume  will 
be  remembered,  as  also  his  controversy  on  the  subject  with,  the 
late  Mr.  AVoolhouse.  For  the  select  period,  Gompertz's  formula 
was  used  in  some  way  that  has  not  been  fully  explained  ;  and 
sufficient  particulars  have  not  been  given  to  enable  an 
independent  investigator  to  reproduce  the  results. 

6.  The  British  Offices'  Experience,  1863-1893,  was  taken 
out  in  select  form,  and  the  tables  based  thereon  were  prepared 
by  the  late  Sir  G.  F.  Hardy.  These  tables  have  been  used  to 
illustrate  the  present  paper,  and  further  reference  to  them  at 
this  stage  is  unnecessary. 

7.  The  Government  Annuity  Experience,  1912,  is  another 
example  of  select  tables  on  a  large  scale.  The  ultimate  table, 
which  is  five  years  after  selection,  was  graduated  by  Makeham's 
formula  ;  and  the  select  period  tables  by  the  special  adaptation  of 
Makeham  devised  by  Hardy  for  the  British  Offices'  Experience. 
In  the  explanatory  preface  we  are  not  supplied  "with  a 
comparison  between  the  expected  deaths  and  the  actual,  and  the 
only  test  given  of  the  accuracy  of  the  tables  consists  in  the 
values  of  expectations  of  life  five  years  after  selection,  and  of 
annuities  at  the  moment  of  selection.  These  show  that,  for  the 
purpose  of  the  grant  of  whole  fife  annuities,  the  tables  could 
hardly  be  improved  upon  ;  but  there  is  nothing  really  to  prove 
that,  if  only  sections  of  the  tables  be  taken,  there  is  no  distortion 
caused  by  the  apphcation  of  Makeham"s  law ;  and,  hence,  we 
cannot  be  quite  sure  that  it  would  be  prudent  to  base  upon  these 
tables  the  values  of  temporar}"  or  deferred  annuities. 

Nurses'  Experiexce. 

8.  As  already  mentioned,  the  short  method  now  submitted 
was  de\dsed  for  the  e?:perience  of  the  Royal  National  Pension 
Fund  for  Nurses,  and  that  experience  is  of  a  very  peculiar 
character.  The  Fund  was  established  in  1887,  and  its  business 
consists  almost  entirely  in  the  grant  of  deferred  annuities  to 
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female  nurses,  although  a  very  few  immediate  annuities  are  also 
issued.  The  great  majority  of  the  deferred  annuities  emerge 
at  the  ages  50,  55  and  60  ;  and,  during  the  deferred  term,  the 
nurses  pay  monthly  contributions,  which  are  returnable  at  any 
time  \nth  compound  interest  in  the  event  of  the  nurse  washing  to 
withdraw,  or  in  the  event  of  her  death.  A  nurse  can  withdraw 
up  to  the  moment  of  the  annuity  being  entered  upon  ;  and,  no 
doubt,  if  she  at  that  time  be  in  poor  health,  she  does  withdraw. 
Hence  the  amiuities,  when  they  emerge,  depend  on  select 
lives  ;  and,  of  course,  when  immediate  annuities  are  granted, 
the  lives  are  also  select. 

9.  When  the  Fund  was  started,  the  rates  of  contribution 
Avere  based  upon  the  Government  Female  Annuity  Tables,  1883  ; 
and  the  Council  were  very  severely  criticized  at  the  time  for 
adopting  them,  on  the  ground  that  the  nurses'  occupation  is  a 
very  arduous  one  ;  that  the  rate  of  mortahty  among  them  must 
be  heavy  ;  and  that  they  were  therefore  being  asked  for  con- 
tributions verv'  much  in  excess  of  what  would  be  really  necessary. 
The  reply  was,  that  the  Fund  was  mutual ;  and  that,  if  it  should 
be  found  that  the  contributions  were  in  excess,  then  the  excess 
payments  would  be  returned  to  the  nurses  by  way  of  bonus. 
The  actual  experience  of  thirty  years,  however,  has  falsified  the 
prophecies  of  the  critics,  because  it  has  been  found  that,  so 
far  from  the  nurses  suffering  from  a  heavy  rate  of  mortahty, 
they  really  enjoy  great  longevity.  In  Table  I  appended,  a 
brief  summary  is  given  of  the  experience.  During  the  first  ten 
years  of  the  Fund  the  number  of  annuities  in  possession  was  very 
small,  because  the  deferred  annuities  did  not  begin  to  emerge 
until  more  than  ten  years  had  passed.  Therefore,  in  Table  I, 
the  first  section  relates  to  the  first  fifteen  years  of  the  Fund,  and 
it  vnW  be  seen  that,  from  the  very  beginning,  the  rates  of  mortality 
were  very  lovr.  In  these  fifteen  years  the  actual  deaths  were 
only  63  per-cent  of  the  expected.  The  succeeding  three  sections 
of  the  table  relate  to  quinquennial  periods  ;  and,  for  the  five 
years  ending  31  December  1907,  the  ratio  of  actual  to  expected 
deaths  was  again  63  per-cent ;  while,  for  the  quinquennium 
ending  31  December  1912,  it  was  only  50  per-cent  ;  and,  for  the 
last  c[uinquennium,  that  ending  31  December  1917,  it  was  only 
47  per-cent.  The  ratio  for  the  whole  of  the  thirty  years  of  the 
Fund's  existence  was  only  51  per-cent  ;  and  the  low  rates  of 
mortahty  were  found  to  exist  in  each  of  the  four  years  of  the 
select  period,  as  well  as  in  the  ultimate  table. 
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10.  This  result  was  so  extraordinary  that  very  careful 
investigations  were  carried  out,  to  make  certain  that  no  frauds 
were  being  perpetrated,  and  that  annuities  were  not  being  drawn 
in  respect  of  deceased  nurses  ;  and  there  can  be  no  question  that 
the  rates  of  mortaUty  recorded  are  perfectly  free  from  suspicion. 
A  further  proof  of  the  hght  mortality  prevaihng  among  the  nurses 
is  obtained  from  the  quinquennial  valuations  of  the  Fund.  At 
each  valuation,  a  calculation  was  made  to  ascertain  the  sources 
of  profit  or  loss.  On  each  occasion  a  profit  was  disclosed  ;  but 
that  was  found  to  arise  entirely  in  the  deferred  period  of  the 
annuities  ;  and  it  was  shown  conclusively  that  the  annuities  in 
possession  resulted  in  loss,  notwithstanding  that  the  annuities 
have  always  been  valued  as  if  they  had  only  just  been  granted. 
and  that  the  rate  of  interest  assumed  was  only  2|  per-cent. 
Nevertheless,  the  extraordinary  vitahty  of  the  nurses  drawing 
annuities  swallowed  up  all  excess  interest  on  their  own  pro- 
portion of  the  funds,  and  left  a  debit  against  the  profits  from 
other  sources.  There  can  be  no  question  of  this  fact,  and  hence 
it  was  felt  to  be  ver}'  important  to  get  out  select  tables,  and  thus 
to  learn  exactly  how  matters  stand. 

11.  The  short  method  of  constructing  select  tables  consists 
in  preparing  first  of  all  an  ultimate  table,  and  then  in  constructing 
the  select  columns  by  means  of  factors  formed  from  the  ratios 
between  the  actual  deaths  and  those  expected  by  the  ultimate 
table,  and  by  which  factors  the  ultimate  q^.  is  to  be  multiphed. 

12.  For  the  nurses,  the  ultimate  table  was  taken  as  that  from 
their  own  experience  four  or  more  years  after  selection,  to  corre- 
spond \vith  the  Government  Tables  on  which  the  Fund's  business 
was  based.  It  is  given  in  Table  II  appended,  and  it  \a\\  be  seen 
how,  even  in  the  ultimate  table,  the  great  weight  of  the  observa- 
tions centres  at  ages  54,  59  and  64:,  these  being  the  ages  four 
years  older  than  those  at  which  the  majority  of  the  annuities 
emerge  and  come  into  possession. 

13.  To  have  taken  out  the  rate  of  mortahty  age  by  age  for 
the  ultimate  table,  and  then  to  have  graduated  it,  would  not 
have  given  good  results,  as  the  material  is  yqtv  rough.  I  tried 
mv  own  method  of  constructing  mortahty  tables,  that  by  gradu- 
ated pivotal  values,  and  osculatory  interpolation,  J. I. A.,  vol. 
xliii,  pp.  109  and  167,  but  that  also  was  found  not  to  be  altogether 
suitable  in  the  present  case,  because  of  the  great  concentration 
of  the  data  at  a  few  points  of  age.  Eecourse  was  therefore  had 
to  the  method  of  graduation  by  reference  to  a  standard  table, 

VOL.    Lir.  Y 
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the   standard   adopted    being   the   Government    1883.    Female, 
Ultimate. 

14.  The  illustrative  ultimate  table  of  the  Australian  Mutual 
Provident  Society,  to  be  discussed  farther  on,  was  also  constiuoted 
by  reference,  the  0"^^^^^  Table  being  taken  as  the  standard  ; 
and  this  method  of  construction  by  reference  has  been  found  to 
be  so  easy,  and  so  satisfactory,  that  I  think  it  should  be  borne  in 
mind,  even  when  ordinary  mortahty  tables  have  to  be  prepared. 

15.  Of  course  the  construction  of  tables  by  reference  is  no 
new  thing.  Griffith  Davies  adopted  it  when  he  prepared  the 
Davies'  Equitable  Table,  working  against  the  Northampton. 
Mr.  Lidstone,  in  1892,  contributed  a  most  interesting  paper  to 
the  Journal  of  the  Institute  on  the  subject,  J. I. A.,  vol.  xxx, 
p.  212.  The  principles  followed  here  are  precisely  those  of 
Mr.  Lidstone,  but  his  process,  for  reasons  which  he  explained, 
was  more  elaborate  than  mine  ;  and  I  think  that  for  ordinary 
purposes  the  plan  that  I  have  adopted  will  be  found  to  be  more 
convenient. 

16.  The  deaths  expected  by  the  Government  Ultimate 
Table  were  taken  out  for  each  age,  and  then  the  ratios  of  the 
actual  to  the  expected  deaths  were  calculated  for  decennial 
periods  40-49,  50-59,  down  to  80-89.     These  ratios  were  : 


40-49 

•1754 

50-59 

•5084 

60-69 

•4893 

70-79 

•5164 

80-89 

•6949 

17.  The  ratio  for  the  period  40-49  is  abnormally  small. 
There  were  464  years  of  risk,  "udth  only  1  death,  and  this  period 
does  not  harmonize  with  the  rest  of  the  table.  The  ratio  was 
therefore  taken  arbitrarily  at  -5000.  This  change  is  of  extremely 
trifling  importance,  making  a  difference  of  2  in  the  expected 
deaths. 

18.  The  ratios  above  given  were  then  transformed  by 
inspection  into  ratios  for  the  individual  ages,  and  these  were  the 
factors  by  which  to  multiply  the  qx  of  the  standard  table  in  order 
to  obtain  the  5-^  of  the  Nurses'  ultimate.  A  trial  was  made  of 
these  first  adjustments,  with  the  result  that  there  were  297 
expected  deaths  against  299  actual,  a  difference  of  four  when 
the  two  deaths  mentioned  in  paragraph  17  are  allowed  for  ;   and 
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a  slight  regraduation  was  performed,  and  the  graduated  q^^  was 
again  taken  out,  and  gave  almost  the  exact  actual  deaths. 

19.  The  table  had  to  be  completed  at  the  old  ages.  In 
the  experience  there  were  10  at  risk  aged  over  89,  with  5  deaths, 
and  the  expected  deaths  were  -yQ  ;  the  ratio  of  actual  to  expected 
being  -8929.  It  is  thus  indicated  that  at  the  old  ages  the  nurses' 
mortahty  rapidly  rises  towards  that  shown  by  the  Government 
table,  and  therefore  the  factor  was  taken  as  unity  at  age  100, 
and  the  intervening  values  w^ere  inserted  by  inspection. 

20.  The  qjc  thus  formed  was  not  very  smooth,  on  account  of 
the  irregularities  of  the  Government  Ultimate  Table,  and  it 
was  graduated  by  formula  C  of  my  paper,  J. I. A.,  vol.  xli,  p.  559, 
which  is  an  efficient  and  simple  formula  of  graduation.  In 
Table  II  appended,  will  be  found  the  numbers  at  risk  and  the 
•deaths  of  the  original  data,  the  Government  expected  deaths,  the 
factors  formed  as  above  explained,  wdth  the  prehminary  gradu- 
ation of  q-c ;  and,  lastly,  the  j&nal  graduated  q^: ,  with  the  expected 
deaths.  It  will  be  seen  that  the  expected  deaths  were  303-7, 
and  the  actual  deaths  304,  so  that  the  original  facts  are  closely 
adhered  to,  and  at  no  part  of  the  table  is  there  any  important 
deviation. 

21.  Having  now  the  ultimate  table,  we  pass  to  the  select 
tables,  of  which  there  are  four,  given  in  Table  III,  (a),  (b),  (c) 
and  (d).  Entry  ages  from  36  to  74  inclusive  were  brought  into 
account.  The  tables  give  first  of  all  the  original  data,  then  the 
expected  deaths  by  the  ultimate  table  ;  and,  lastly,  the  graduated 
table  of  qj.,  with  the  expected  deaths  produced  thereby.  For 
year  0-1  the  experience  was  taken  for  the  entry  ages  36-74 
inclusive,  as  just  mentioned.  There  were  only  5  at  risk  below 
age  36,  without  any  deaths,  and  8  at  risk  without  any  deaths  at 
ages  above  74,  and  these  extremes  were  ignored.  The  actual 
deaths  were  26,  and  the  deaths  expected  by  the  ultimate  table 
were  39-33,  the  ratio  being  -6611.  This  ratio  was  used  as  a 
uniform  factor  for  the  whole  column,  by  which  the  q^  of  the 
ultimate  table  was  multiphed,  and  the  result  appears  in  the 
graduated  q_,  of  the  select  table.  The  expected  deaths  are  25-99, 
being  only  -01  less  than  the  actual. 

22.  The    years  of    the  select  period  1-2,  2-3  and  3-4,  were 
.similarly  dealt  with,  and  the  ratios  came  out  as  follows  : 

Year  1-2         7580 

„    2-3         -6635 

„    3-4         -9167 

Y   2 
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Here  we  find  that  the  ratio  for  the  third  year  is  smaller  than  that 
for  the  second,  and  this  ought  not  to  be  ;  and  we  are  faced  with 
the  fact  that  a  horizontal  adjustment  is  required,  in  order  to 
produce  a  sequence  in  the  death  rates  of  greater  probability- 
This  horizontal  adjustment  is  quite  justifiable,  because  the  lives 
pass  across  the  table  from  one  select  colunm  to  the  next,  and  not 
dowTi  the  table  ;  and,  where  the  experience  is  hmited,  irregu- 
larities occur.  In  a  large  experience  the  horizontal  adjustment 
might  not  be  needed.  An  investigation  was  made,  and  it  was 
found  that  by  transferrmg  2 '5  deaths  from  the  second  to 
the  third  year,  suitable  factors  were  obtained,  the  factor  for  the 
second  year  becoming  -6930.  and  that  for  the  third  "7327.  The 
final  factors  for  the  select  period  were  : 

Year  0-1  -0611 

„    1-2  -6930 

„    2-3  -7327 

„    3-4  -9167 

The  factor  for  the  fourth  year  being  -9167,  and  not  far  from 
unity,  it  is  clear  that  selection  practically  wears  oft"  within  the 
four  years. 

23.  The   following   are  the  expected   and  the  actual  deaths 
for  the  select  period  : 


Assurance  Year 

Actual  Deaths 

Expected  Deaths 

0-1 
1-2 
2-3 
3-4 

29 
24 
31 

25-99 
26-52 
26-54 
30-95 

Total        

110 

'              110-00 

Taking  all  the  select  columns  together,  the  expected  deaths  and 
the  actual  agree.  Of  course,  \vith  such  ragged  data  as  we  have 
for  these  tables,  we  must  expect  de\-iations  age  by  age  between 
the  expected  and  the  actual  deaths  ;  but  these  deviations  are 
never  really  large,  and  they  change  sign  very  frequently,  and  the 
accumulated  deviations  are  never  important,  thus  shoA^-ing  that 
the  graduation  is  good  in  each  of  the  columns. 

24.  It  is  of  course  a  question  whether  a  uniform  multipher 
for  the  whole  of  each  colunm  is  legitimate  ;  and,  to  throw  hght 
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on  that  question,  an  investigation  was  made  bv  means  of  the 
British  Offices'  Experience,  which  will  be  dealt  with  immediately. 
No  matter  what  may  be  the  entry  age,  all  the  Hves  passing 
through  the  select  period  are  acted  upon  by  very  similar 
forces  ;  and,  presumably,  the  rates  of  mortality  are  thereby 
affected  in  similar  ways,  and  in  the  same  directions  ;  but  it 
must  not  be  assumed  ^vithout  enquiry  that  they  are  affected  in 
exactly  the  same  proportions,  as  is  done  when  a  uniform  factor 
is  employed  for  the  whole  column.  It  may  be  that  the  factors 
should  increase,  or  should  decrease,  or  should  vary  otherwise, 
with  advancing  entry  age  ;  and  that  remains  to  be  ascertained, 
but  the  experience  of  the  nurses  is  not  of  a  kind  suited  to  the 
purpose. 

25.  The  financial  effect  of  the  light  mortahty  of  the  nurses 
is  very  great,  and  in  the  appended  Table  IV  \vill  be  found 
specimen  values,  by  the  Nurses'  Experience,  of  annuities  at  the 
date  of  purchase,  and  after  four  or  more  years  from  purchase  ; 
and  also  the  corresponding  values  by  the  Government  Table,  on 
which  the  business  of  the  Fund  was  based.  The  annuity  values 
are  calculated  at  2|  per-cent  interest  and  at  4  per-cent,  and  it 
will  be  seen  that  the  Government  2|  per-cent  values  do  not  differ 
much  on  the  average  from  the  Nurses"  4  per-cent  values.  The 
following  are  the  sums  of  the  specimen  values  for  the  seven  ages 
included  in  the  table,  select  and  ultimate,  the  Nurses'  values  at 
4  per-cent,  and  the  Government  at  2^  per-cent : 


- 

Select 

Ultimate 

Nurses'  4  per-cent 
Government  2^  per-cent 

99-512 

9S-8S1 

90-125 
86-319 

Thus  is  explained  the  loss  above  mentioned,  which  arose  at  each 
valuation,  on  the  current  annuity  portion  of  the  business  of  the 
Royal  National  Pension  Fund  for  Nurses. 

British  Offices'  Experience,  1863-1893. 

26.  The  British  Offices'  Experience  provides  an  ideal 
instrimient  by  means  of  which  to  investigate  from  every  point 
of  view  the  forces  and  influences  which  produce  the  result  known 
as  "  Selection  "  ;  and  it  was  thought  to  be  Avell  worth  the 
trouble  involved,  to  test  by  it  the  short  method  of  constructing 
select  tables,  which  had  seemed  to  be  satisfactory  for  the  small 
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and  peculiar  experience  of  the  Nurses.  Not  only  is  the  British 
Offices'  Experience  in  itself  eminently  suitable  for  the  purpose, 
but  there  are  available  the  magnificent  select  tables  of  the  late 
Sir  George  F.  Hardy,  with  which  to  compare  any  others  that  may 
be  constructed  on  different  plans,  Hardy's  tables  having  been 
proved  to  adhere  closely  to  the  original  data,  while  at  the  same 
time  they  possess  qualities  of  the  highest  value. 

27.  It  had  been  shown  that  the  effects  of  selection  in  the  case 
of  the  British  Offices  do  not  become  exhausted  until  ten  years 
have  elapsed  from  the  time  of  entr}-  of  the  lives  assured,  and 
Hardy  therefore  constructed  ten  columns  for  the  select  period  ; 
and  carried  them  on  by  a  corresponding  ultimate  table,  the 
QM(io)^  to  which  they  fit  accurately.  I  hav^  no  doubt  but  that 
the  short  method  of  construction  could  be  used  quite  satisfactorily 
if  appHed  to  the  ten  years  period  ;  but  to  have  done  so  would 
have  involved  much  additional  labour,  and  would  have  necessi- 
tated a  great  amount  of  tabular  matter  which  is  really  superfluous 
for  present  purposes.  It  has  therefore  been  deemed  sufficient 
to  limit  the  illustration  to  five  years  for  the  select  period,  and  to 
use  the  O^'^*^*  Table  for  the  ultimate. 

28.  Entry  ages  15  to  69,  inclusive,  have  been  dealt  with, 
although  the  appended  graduated  tables  run  only  from  entry 
ages  20  to  64.  Similar  graduated  tables  had  been  prepared  for 
the  whole  range,  15  to  69.  but  they  were  too  long  to  be  convenient 
for  the  pages  of  the  Journal,  and  therefore  the  trouble  was  under- 
taken of  constructing  others  of  shorter  range  ;  but,  except  for 
their  difference  in  length,  the  two  sets  are  hardly  distinguishable, 
the  values  of  q_^  almost  always  agreeing  to  the  fourth  place  of 
decimals,  and  usually  even  to  the  fifth  place.  The  extremes, 
15  to  19  and  Qb  to  69,  taken  together,  comprised  only  2-3  per-cent 
of  the  total  numbers  at  risk,  and  2-7  per-cent  of  the  total  deaths  ; 
and  to  ignore  them  does  not  affect  the  results. 

29.  The  appended  Table  Y  gives  factors  for  extended  sets 
of  age  groups.  It  is  divided  into  two  sections,  (a)  and  (b)  : 
Section  (a)  relating  to  the  original  data,  or,  what  is  the  same 
thing,  to  the  graduated  tables  as  constructed  by  myself ;  and 
Section  (b)  to  Hardy's  tables.  In  Section  (a),  the  factor  is 
obtained  by  dividing  the  actual  deaths  in  the  age  group  by  the 
0^(0)  expected  deaths  ;  while,  in  Section  (b),  the  numerator  is 
the  deaths  expected  by  Hardy's  table,  and,  the  denominator, 
the  0*^(^^  expected  deaths.  There  are,  first,  the  factors  for 
quinary  age  groups,  15  to  19,  20  to  24,  and  so  on  down  to  65  to 
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69  ;  then  there  are  factors  for  groups  including  fifteen  entr}- 
ages  each,  20  to  34,  35  to  49,  and  50  to  64  ;  and,  lastly,  there 
are  the  average  factors  for  the  whole  of  each  column,  given  for 
the  ranges  of  ages  20  to  64,  and  15  to  69,  respectively. 

30.  Examining  first  Section  (a),  and  running  the  eye  down 
the  respective  colunms  of  factors  for  quinary  age  groups,  it  will 
be  seen  that  these  are  very  irregular,  being  sometimes  greater, 
and  sometimes  less,  than  the  average  factors  which  are  uniform 
for  each  column.  There  are  deviations  due  to  roughness  in 
the  original  data,  notwithstanding  the  considerable  magnitude 
of  the  experience.  No  law  is  disclosed  which  governs  the  pro- 
gression of  the  factors  according  to  advancing  entry  age. 

31 .  The  case  is,  however,  different  when  the  table  is  examined 
in  the  larger  groups  of  fifteen  entry  ages  each,  because  for 
assurance  years  0  to  1  and  1  to  2,  the  factors  increase  with  entry 
age,  as  also  for  assurance  year  2  to  3,  but  not  so  regularly,  or  to 
the  same  extent.  For  assurance  years  3  to  4  and  4  to  5,  this 
tendency  is  not  apparent. 

32.  Passing  now  to  Section  (b)  of  the  table,  it  will  be  seen 
that  for  assurance  year  0  to  1  the  factors  for  quinary  age  groups 
increase  regularly  with  advancing  age,  as,  of  course,  also  the 
factors  for  the  longer  age  groups,  thus  following  the  indications 
given  by  the  figures  of  the  original  data  ;  but  that,  for  the  other 
four  assurance  years,  the  reverse  is  the  case  ;  and  Hardy's 
factors  diminish  regularly  with  advancing  entry  age,  thus  going 
contrary  to  such  slight  indications  as  there  are  here  in  the  original 
data.  This  is  not  easy  to  understand,  and  is  due  probably  to 
the  exigencies  of  Makeham's  law.  The  effect  on  the  mortality 
table  as  a  whole  is,  however,  very  small  indeed  ;  and  the  results 
of  the  two  graduations,  Hardy's  and  my  owm,  are  nearly  identical, 
both  also  keeping  very  close  to  the  original  facts. 

33.  The  following  are  the  factors  actually  used  in  the  con- 
struction of  the  appended  graduated  tables.  Table  YI,  (a)  to 
(e),  for  the  respective  assurance  years  : 


Year  0-1 

•44269 

„    1-2    . 

•65178 

„  2-3    . 

•74278 

„  3-4    . 

•78741 

„  4-5 

•81162 

They  run  with  suitable  regularity,  and,  therefore,  there  is  no 
need  for  adjustment  of  the  columns  horizontally.     The  smallness 
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of  the  factor  for  year  4  to  5  shows  that  in  the  British  Offices' 
Experience  the  effects  of  selection  are  not  exhausted  by  the  end 
of  the  five  years,  there  being  a  gap  between  the  select  and  the 
ultimate  portions  of  the  tables  ;  and  that  it  was  therefore  a 
wise  course  to  extend  the  select  period  to  ten  years  in  the  official 
tables. 

34.  The  Select  Tables  are  given  at  full  length  in  Table  VI, 
(a)  to  (e),  and  they  speak  for  themselves.  They  contain,  first, 
the  original  data  ;  and  then  the  O-^^^''^  expected  deaths,  which  are 
used  in  the  computation  of  the  factors  ;  and,  lastly,  the  new 
values  of  y^?  with  the  expected  deaths,  are  placed  alongside  the 
values  by  Hardy's  tables,  so  that  comparison  may  be  made 
age  by  age.  It  will  be  seen  how  closely  the  two  sets  run  together. 
The  following  are  the  totals  for  each  assurance  year  of  the  actual 
deaths  by  the  data,  and  of  the  expected  deaths  by  my  own 
tables,  and  by  Hardy's,  respectively  : 


Assurance 

Actual 

Expected  Deaths 

Year          j           Deaths 

King 

Tlardy 

0-1 
1-2 
2-3 
3-4 
4-5 

1909 
2697 
3C05 
3162 
326L 

1908-3 
2697-1 
31)0-1 -9 
3162-1 
3261-4 

1907-4 
2fi98-3 
2972-7 
3157-1 
3328-4 

Totals               14034 

14033-8               14063-9 

The  total  of  the  actual  deaths  for  all  the  five  years  of  the  select 
period  is  14034,  while  the  total  of  the  expected  deaths  by  the 
new  tables  is  14033-8,  and,  by  Hardy's,  14063-9,  the  deviation 
by  the  new  tables  being  only  —0-2,  and,  by  Hardy's  -I- 29-9. 
From  this  point  of  view,  therefore,  the  new  tables  keep,  by  the 
merest  trifle,  closer  to  the  original  data  than  do  Hardy's  ;  but, 
if  the  individual  assurance  years  be  looked  at  separately,  the 
comparison  comes  out  a  httle  more  favourably  to  the  new  tables. 
35.  Table  VI,  (a)  to  (e)  is  repeated  in  summary  form  in 
Table  VII,  (a)  to  (e),  the  same  facts  being  recorded  in  quinary 
age  groups,  with  columns  added  to  show  for  each  age  group  the 
deviation  from  the  actual  deaths,  of  the  deaths  expected  by  the 
new  tables,  and  by  Hardy's  tables,  respectively.  These  columns 
of  deviations  show  with  what  remarkable  fidelity  the  new  tables 
run  with  Hardy's,  the  signs  being  the  same,  except  in  a  few  cases 
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"where  the  deviations  themselves  are  very  small ;  and  the 
magnitude  of  the  de\aations  differing  but  little.  For  assurance 
years  2  to  3,  and  4  to  5,  Hardy  departs  somewhat  more  from 
the  original  data,  but  the  extra  deviations  of  these  years  nearly 
balance  each  other. 

36.  The  grand  summary  given  in  Table  VII  (f)  emphasizes 
the  wonderful  similarity  in  the  aggregate  of  the  new  tables  to 
Hardy's  ;  and,  I  think  furnishes  an  excellent  testimonial  to  the 
short  method  of  construction. 

37.  The  probability  of  dying  within  the  live  years  of  the 
select  period,  by  the  original  data,  and  by  the  new  tables  and 
Hardy's  respectively,  is  given  in  the  following  short  tabular 
statement,  and  is  not  without  interest.  The  probability  is  the 
average  for  each  quinary  age  group,  20  to  24,  down  to  60  to  64. 
The  denominator  of  q  for  each  assurance  year  is  the  sum  of  the 
numbers  at  risk  in  the  age  group,  and  the  numerator  is  the  sum 
of  the  actual  deaths,  and  of  the  expected  deaths  by  King  and 
Hardy,  respectively.  AVe  thus  have,  for  the  age  group, 
9-[x]}  (/1']+ij  *^c.,  and  hence  of  'P[.,:-[,  "Pu^+i,  &c. ;  and  from  these 
we  pass  to  (/[x]^ .  Once  more  there  is  clearly  brought  out  the 
similarity  of  the  new  tables  to  the  old,  and  how  both  sets 
interpret  well  the  original  data.  It  is  worthy  of  note,  however, 
that  these  probabilities,  as  also  the  grand  summary  of 
Table  VII  (f),  show  that  the  mortality  at  the  older  entry  ages 
is  a  little  under-estimated. 


38.  It  is  not  impossible  that  the  new  tables  might  be  brought 
into  still  closer  harmony  with  the  data,  by  making  allowance 
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for  the  tendency  in  some  of  the  assurance  years  towards  increase 
in  the  factors  with  advancing  entry  age.  discussed  in  paragraph 
31  above.  That  could  be  done  without  difficulty  by  taking  the 
three  factors  for  the  age  groups  20  to  24,  35  to  49,  and  50  to  64, 
and  transforming  them  into  factors  for  individual  ages,  in  the 
way  explained  in  paragraph  18,  where  the  construction  of  the 
Nurses'  Ultimate  lable  was  in  question.  There  would,  however, 
be  but  little  practical  gain  secured  by  this  sacrifice  of  the 
simplicity  of  the  uniform  factor  system. 

AUSTRALASIAX   ExPERIEXCE,    1849-1903. 

39.  I  have  to  thank  our  old  friend  Mr.  Richard  Teece,  and 
his  Co-Directors,  for  their  kindness  in  allowing  me  to  use  for 
pubhcation  the  experience  of  healthy  male  lives  assured  in  the 
Austrahan  Mutual  Pro\ddent  Society,  for  the  fifty-five  years 
from  the  commencement  of  the  Society,  down  to  1903  ;  and  it 
is  now  taken  for  the  purpose  of  this  paper,  as  an  illustration  of 
the  short  method  of  constructing  select  tables.  It  is,  however, 
unnecessary  here  to  go  into  great  detail,  because  it  is  proposed 
to  submit  to  the  Actuarial  Society  of  Australasia  a  paper,  in 
which  this  experience  '^"ill  be  dealt  with  more  fully.  At  present 
onlv  sufficient  will  be  given  to  make  the  illustration  clear, 

40.  In  the  appended  tables  the  experience  itself  is  gi\en, 
both  ultimate  and  select.  As  above  stated,  it  is  the  experience 
of  healthy  male  lives  ;  and  it  may  be  said  that  practically  all 
the  lives  effected  their  poHcies  in  Australasia.  The  Society  did 
not  open  its  London  estabhshment  until  after  the  experience 
had  closed  ;  but  I  imderstand  that  a  few  fives  had  been  assured 
at  home  through  local  agencies.  There  cannot,  however,  have 
been  many  of  them,  and  therefore  the  experience  is  really  that 
of  lives  assured  in  Australasia. 

41.  The  first  process  is,  to  prepare  an  ultimate  table  ;  and 
that  might  have  been  done  by  one  or  other  of  the  more  usual 
methods  of  construction.  The  construction  of  the  Nurses' 
Ultimate  Table  by  the  method  of  reference  had,  however,  been 
so  interesting  to  me.  that  I  adopted  it  for  the  Austrahan  Mutual 
data,  and  the  0-^^*^^  Table  was  taken  as  the  standard. 

42.  An  unexpected  difficidty  arose  at  the  outset,  through 
the  very  defective  graduation  after  age  80  of  the  0-^^^''^  Table  as 
given  in  the  volume  of  British  Offices  Life  Tables,  published  in 
1902.     The  0^^^^^  Table  is  supposed  to  follow  strictly  Makeham's 
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law.  and  it  seems  strange  that  at  any  portion  of  it  the  graduation 
should  be  erratic.  It  appears,  however,  that  Makeham's  pj^, 
and  consequently  g^.. ,  was  not  retained  in  its  integrity  in  the 
published  table  ;  but  was  recalculated,  for  some  reason  which 
I  do  not  understand,  by  dividing  /.,  +  ,  by  l.i-.  That  produces 
up  to  about  age  80  Makeham's  qx  to  five  places  of  decimals, 
although  here  and  there  the  fifth  place  is  not  quite  accurate. 
But  above  age  80,  where  the  official  I^  is  cut  down  to  four  figures 
or  less,  the  recalculated  g_^  does  not  follow  Makeham's  law  in 
individual  cases,  although  it  does  so  on  the  average  ;  and  hence, 
from  age  80  onwards  the  pubhshed  table  is  not  suited  for  a 
standard.  In  the  volume  of  Principles  and  Methods,  page  153, 
Makeham's  real  colog  pj^  as  originally  calculated  from  tie 
constants  is,  however,  given,  and  that  was  used  for  the 
AMP  Ultimate. 

43.  The  experience  was  first  taken  in  quinary  age  groups 
from  group  20-24,  down  to  group  90-94,  and  the  ratio  of  actual 
deaths  in  each  group  to  the  O"^^^'^^  expected  deaths  was  calculated. 
The  following  are  the  figures  : 


Aue  Group 

Katio 

Age  Group 

Ratio 

20-24 

•592 

60-64 

•803 

25-29 

•f;i4 

6o-H9 

•824 

30-:U 

•645 

70-74 

•853 

85  39 

•70;5 

75-79 

•785 

40-4  1 

■731 

80-84 

•749 

45-49 

•730 

85-89 

•943 

50-54           1 

•759 

90-94          ; 

•909 

55  -  59 

•726 

1 

44.  It  will  be  seen  that  the  foregoing  ratios  run  irregularly, 
and  that  they  must  be  adjusted  in  some  way  before  the  ratios 
for  individual  ages  can  be  arrived  at.  After  careful  examination, 
it  was  decided  to  combine,  in  certain  parts  of  the  table,  the  age 
groups,  and  to  use  groups  of  varpng  age  ranges  for  the  purpose 
of  graduation.  The  different  lengths  of  groups  present  no 
difficulty  when  graduation  is  effected  by  the  graphic  method 
used  by  Milne  for  the  Carlisle  Table.  The  following  are  the 
groupings  and  ratios  actually  employed  in  the  graduation  : 
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Age  Group 

Ritio                         Age  Group 

Ratio 

20-29  (10  years) 
30-34  (5  years) 
35-39  (5  years) 
40-49  (lO"  years) 

•611                50-54  (5  years) 
•645                55-69  (15  vears) 
•703                70-89  ^20  Vears) 
•731                90-94  (5  years) 

•759         ' 
•779 
•828 
909 

45.  Parallelograms  were  set  up  on  cross-ruled  paper,  the 
base  representing  the  number  of  years  in  the  age  group,  and  the 
altitude,  the  figures  of  the  ratios  ;  and,  of  course,  the  area  of 
each  parallelogram  is,  the  number  of  years  in  the  base,  multiplied 
by  the  altitude.  A  curve  was  drawn  through  the  tops  of  the 
parallelograms,  and  was  read  off  to  give  the  altitude  at  each 
indi\adual  age.  In  Table  VIII  appended,  these  ratios,  as  read 
on  the  curve,  are  given  to  three  places  of  decimals.  They  run 
fairly  well ;  but,  in  order  to  obtain  a  really  smooth  ultimate 
table,  they  were  graduated  by  formula  C  mentioned  above  in 
paragraph  20;  and  the  result  of  that  graduation  is  given  under  the 
heading  "  Factors  Graduated.*"  The  0-^^^''  Table,  as  or  giually 
calculated  from  the  constants,  being  in  itself  perfectly  smooth, 
it  was,  for  the  AMP,  the  ratios  which  were  graduated  by  the 
summation  formula,  and  not  the  q  after  multiphcation,  as  in  the 
case  of  the  Nurses'  Table.  See  paragraph  20  above.  The  factors 
were  used  to  carry  the  ultimate  table  down  to  age  78  ;  and  then, 
from  the  four  values  75  to  78  inclusive,  and  assuming  the  factor 
for  age  95  to  be  unity,  the  table  was  completed  by  means  of  a 
fourth  difference. 

46.  The  graduated  table  appears  at  the  right  of  appended 
Table'  VIII,  as  also  the  expected  deaths,  and  the  de\-iations. 
It  will  be  seen  that  the  actual  deaths  are  6365,  and  the  expected 
6362-5,  so  that  there  is  a  deviation  of  only  —2-5.  Also,  the 
de\dations  at  indi\adual  ages  are  never  large,  and  they  change 
sign  very  frequently.  It  is  submitted  that  this  construction  is 
successful.  It  may  be  called  the  (A^IP)^^(')  Table.  In 
Table  IX  appended,  a  summary  of  Table  VIII  is  given  in  quinary 
age  groups,  from  which  may  be  seen  at  a  glance  the  nature  and 
weight  of  the  deviations. 

47.  The  (AMP)^'*^>  Table  was  then  employed  m  the 
construction  of  the  select  coluimis,  there  being  five  of  these, 
the  select  period  being  assumed  to  run  into  the  ultimate  five 
years  after  the  entry  of  the  lives. 

48.  In  Table  X  appended,  the  ratios  are  given,  for  quinary 
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age  groups,  between  the  actual  deaths  in  the  various  select 
colunms.  and  those  expected  by  the  (AMP)^^^^'  Table.  It 
Avill  be  noticed  that  they  run  irregularly,  just  as  in  the  case  of 
the  British  Offices'  Experience,  and  that  in  this  form  they  do 
not  throw  much  light  upon  the  progression  of  the  factors  in  the 
several  columns  with  the  advancing  entry  ages.  The  table 
was  therefore  divided  into  two  portions  of  twenty-five  ages  each, 
for  entry  ages  15  to  39,  and  40  to  6-1,  respectively  ;  and  the  ratios 
for  these  age  groups  follow  in  Table  X.  It  will  be  observed  that, 
contrary  to  the  indications  of  the  British  Offices'  Experience, 
the  ratios  almost  uniformly  decrease  vdih.  advancing  entry  age  ; 
and,  probably,  a  very  accurate  adjustment  of  the  select  period 
could  be  obtained  b}'  calculating,  from  these  groups  of  twenty- 
five  ages  each,  graduated  factors  diminishing  slightly  age  bv  age. 
It  seemed,  however,  scarcely  necessary  to  undertake  this 
additional  work,  as  a  uniform  factor  for  all  entry  ages  gives 
results  sufficiently  close  to  the  data  for  all  ordinary  purposes. 
The  average  ratios  for  the  whole  of  the  entry  ages  from  15  to  64 
are  given  at  the  foot  of  Table  X.  There  is  irregularity,  however, 
in  these  ratios  ;  because  that  for  assurance  year  2  to  3  is  greater 
than  that  for  assurance  year  3  to  4  ;  and  that  anomalv  requires 
correction  by  horizontal  adjustment.  Fourteen  deaths  were 
transferred  from  year  2  to  3  to  year  3  to  4,  and  the  ratios,  after 
this  adjustment,  are  as  follows  : 


Year 

Ratio 

0-1 

•63370 

1-2 

"77656 

2-3 

•83315 

3-4 

•86312 

4^5 

•87485 

1 

These  run  with  suitable  regularity,  and  were  adopted  for  the 
final  graduation.  The  factor  for  the  year  4-5  is  not  very  large, 
and  therefore  it  would  appear  that  selection  in  Australasia  does 
not  fully  wear  off  within  five  years.  The  materials,  however, 
as  tabulated  do  not  make  it  possible  to  investigate  this  point 
farther. 

49.  In  Table  XI,  (a)  to  (e),  are  given  the  tables  for  the  five 
years  of  selection,  and  the  right-hand  columns  show  the  deviations, 
age  by  age,  of  the  expected  from  the  actual  deaths.     It  ^vill  be 
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seen  that  the  deviations  are,  for  the  most  part,  quite  small,  and 
change  sign  very  frequently  ;  and  the  changes  of  sign  occur  all 
down  the  columns,  so  that  at  no  point  is  there  any  large 
accumulated  deviation.  It  will  also  be  observed  in  each  table 
that,  for  each  assurance  year,  the  actual  deaths  are  exactly 
reproduced,  when  allowance  is  made  for  the  transfer  of  fourteen 
deaths  mentioned  in  paragraph  49. 

50.  Table  XI  is  repeated  in  summary  form  in  Table  XII, 
the  facts  being  recorded  in  quinary  age  groups  ;  and  I  think 
this  affords  sufficient  evidence  that  the  construction  of  the 
select  portion  of  the  table,  as  well  as  of  the  ultimate,  is  quite 
satisfactory. 

51.  The  characteristics  of  the  Australasian  mortality  are 
well  worthy  of  study.  As  regards  the  ultimate  tables,  when 
the  (AMP)^^^^^  is  compared  with  the  O^^^'^K  it  will  be  seen  that 
the  Australasian  mortality  is  very  light.  From  age  20  to  about 
age  40  it  is  never  more  than  70  per-cent  of  the  British,  and  up 
to  age  70  it  is  less  than  80  per-cent  ;  and  it  is  only  at  the  really 
old  ages  that  the  two  tables  approximate  to  each  other.  Also, 
as  regards  the  select  portion,  we  have  the  same  relative  position, 
except  that,  for  the  year  0-1  of  assurance,  the  Australasian 
mortahty  is  hghter  than  the  British  up  to  about  age  36,  but 
after  that  age  it  is  heavier.  In  all  the  other  assurance  years, 
however,  the  Australasian  mortahty  is  the  lighter  throughout. 


ADDENDUM. 


When  all  the  tables  for  this  paper  had  been  completed,  and 
when  the  explanatory  letterpress  had  been  to  a  large  extent 
sketched  out,  I  was  sho\\ang  the  results  to  a  friend  from  the 
Far  East,  and  he  called  my  attention  to  the  "'  Japanese  Three 
Offices  Life  Tables",  which  had  been  prepared  by  a  Committee 
of  Actuaries  from  the  experience  of  the  "  Meiji ",  the  "  Teikoku", 
and  the  "  Nippon",  the  three  oldest  life  assurance  companies  in 
Japan,  under  the  superintendence  of  Mr.  Kaitaro  Ebihara,  F.I. A., 
whom  many  of  us  in  London  know.  It  seems  that  the  select 
tables  in  the  Japanese  collection  were  constructed  by  the  short 
method  set  forth  in  this  paper  ;  but  I  was  entirely  ignorant  of 
the  fact ;  and,  in  so  far  as  I  am  concerned,  all  that  is  in  my 
paper  is  as  original  as  anything  on  such  a  hackneyed  subject  as 
the  construction  of  mortalitv   tables   can   be.     The   Japanese 


1921.] 


Select  Mortality  Tablet*. 


303 


come  first  in  the  order  of  time.  Nevertheless  I  venture  to  think 
that  my  paper  is  possibly  not  without  value,  seeing  that  I  go 
farther  than  the  Japanese,  and  that  my  paper  contains  an 
investigation  into  the  principles  of  the  short  method,  and  as  to 
its  effects  when  applied  to  such  an  experience  as  that  of  the 
British  Offices.  Moreover,  it  includes  two  interesting  new 
mortality  tables,  that  for  the  Nurses,  and  that  for  Australasia, 
which  are  valuable  in  themselves. 

The  explanations  of  the  Japanese  are  almost  apologetic, 
and  are  contained  in  one  brief  paragraph  ;  and  there  are  only  a 
few  figures  setting  forth  the  results.  The  Japanese  began  with 
five  years  for  the  select  period  ;  but  the  fifth  merges  absolutely 
into  the  ultimate,  so  that  practically  there  are  only  four.  The 
factors  used,  by  which  to  multiply  the  ultimate  q^  in  order  to 
obtain  the  select,  are  : 


fear  0-1 

•62 

„    1-2         ... 

•87 

„    2-3         ... 

•95 

,,    3-4 

•97 

„    4-5         ... 

..       1-00 

The  followiner  are  the  results  in  brief  summarv  : 


Assurance 

! 

. ..  Ti-  T                   Actual 

Expected  Deaths 

Year           I         '^^  """'                 Deaths 

Ultimate       '      ^*S,, 

0-1           1      325,508                2312 
1-2                 235.771                2476 
2-3                  195,540                2341 
3-4           '      163,009                2097 
4-5                         ?                     1885 
i                           I 

3743-12             2320-32 
2838-95             2489-88 
2462-15             2339-04 
2152-88             2088-31 
1888-61            1888-61 

Totals 

mil 

1 
1 

13085-71           11126-16 

1 

In  conclusion,  I  take  this  opportunity  of  congratulating  our 
Japanese  brethren  on  their  enterprise  in  strildng  out  a  new  path, 
and  on  the  success  they  have  achieved. 
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Table  I. 


Ihnjal  National  Pension  Fund  for  Nurses. 
Annuities  in  Possession,  Females.     Mortality  Ex23ericnce. 


Year  of  Currency 
of  Annuity 

Actual  Deaths 

Expected  Deaths, 
Govt.  Table,  1883 

Batio  of  Actual 
to  Expected  Deaths 

Fifteen  years  ending  31   December  1902 

1 
2 
3 
4 
Over  4 

5 

2 

7 

3 

14 

6 
7 
7 
6 
23 

1 
•83 
•29 
1-00 
•50 
•61 

All  dnrations                     31 

49 

•63 

l'"ive  years  ending-  31   December  1907 

1  2 

2  6 

3  5 

4  5 
Over  4                              44 

6 

8 

10 

11 

64 

•33 
•75 
•50 

•45 
•69 

All  durations                    62 

99                              -63 

Five  years  ending  31   December  1912 

1 
2 
8 
4 
Over  4 

10 

10 

6 

7 

79 

13 
15 
17 
18 
162 

•77 
•67 
•35 
•39 
•49 

All  dnrations 

112 

225 

•50 

Five  years  ending  31  December  1917 

1 
2 

3 

4 
Over  4 

9 
11 

6 

16 

167 

16 

2S 

28 

319 

•56 
•50 
•21 
•57 
•48 

All  durations 

209 

443 

•47 

Thirty  years  from  the  Foundation  of  Fund  in  J8S7  to  31  December  1917 

1 
2 
3 

4 
Over  4 

26 
29 
24 
31 
304 

41 

52 
62 
6.J 

598 

•63 
•56 
•39 
•49 
•51 

AH  durations 

414 

816                              -51 
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Table  II. 

Nurses'  Ultimate  Table. 


Age 

X 

Obiginai 

Data 

Govt. 
Ultimate 
Expected 

Preliminary 
Adjustment 

Graduated  Table 

] 

j 

At 
Risk 

Actual 
Deaths 

Deaths 

Factor 

9.V 

?.c 

Expected 
Deaths 

40 

10 

1 

•1 

•500 

•00541 

•00541 

•1 

1 

14 

.-> 

•500 

•00552 

•00559 

•1 

2 

18 

•2 

•500 

•00563 

■00571 

•1 

3 

26 

•3 

■oOO 

•00575 

■0058 1 

•2 

4 

40 

•5 

•500 

[      •00587 

•00589 

•2 

45 

54 

•6 

■500 

•00598 

■00597 

•3 

6 

61 

■7 

•500 

•00611 

•00606 

1          -4 

7 

64 

•8 

•500 

•00623 

•00618 

■4 

8 

73 

•9 

•500 

•00635 

■00634 

•5 

9 

104 

1-4 

•500 

•00649 

■00657 

•7     , 

50 

128 

1 

1-7 

•502 

•00664 

•00687 

•9 

1 

139 

20 

•505 

•00711 

•00720 

10 

2 

158 

1 

2-4 

•508 

j      ^00767 

■00771 

1-2 

3 

156 

4 

2-5 

•509 

1      •00827 

•00818 

13     ' 

4 

1157 

3 

20-2 

•510 

•00890 

•00865 

100 

55 

1091 

10 

19-8 

•509 

•00923 

•00907 

9^9 

6 

953 

6 

17-7 

•508 

•00942 

•00944 

9^0 

7 

806 

9 

15-6 

■505 

•00981 

•00977 

7-9     ' 

8 

736 

11 

15-0 

•502 

•01025 

•01008 

7^4 

9 

1198 

17 

251 

•497 

•01040 

•01043 

12-5 

60 

1056 

12 

23-1 

•492 

•01077 

•01087 

115 

1 

951 

13 

22-2 

•487 

•01136 

•01145 

109 

2 

864 

8 

21-4 

•485 

•01202 

•01221 

105 

3 

747 

13 

19-9 

•485 

•01291 

•01315 

9^8 

4 

1058 

12 

30-9 

■487 

•01422 

•01424 

151     , 

65 

946 

11 

30-3 

•490 

•01567 

•01546 

146 

6 

829 

9 

28-8 

•492 

•01711 

•01676 

139 

7 

748 

21 

28-1 

•492 

•01845 

•01815 

136 

8 

703 

13 

28-3 

•492 

•01983 

•01965 

138 

9 

613 

15 

26-6 

•492 

•02135 

•02134 

131 

70 

520     1 

15 

24-3 

•493 

•02304 

•02330 

121 

1 

454 

11 

23-2 

•496 

•02535 

•02562 

116 

2 

382 

7 

21-6 

•500 

•02826 

•02837 

10^8 

3 

337 

9 

21-2 

•506 

•03183 

•03160 

106 

4 

293     i 

8 

20-4 

•510 

•03554 

•03534 

10-4 

75 

237 

12 

18-3 

•515 

•03970 

•03962 

94 

6 

163 

8 

13-7 

•525 

•04427 

•04450 

73 

7 

132 

15 

12-2 

•545 

•05019 

•05003 

6-6 

8 

99 

3 

9-9 

•565 

•05630 

■05627 

5^6     ! 

9 

70 

1 

7-6 

•585 

•06346 

•06330 

4.4 

80 

41 

12 

4-8 

•605 

•07115 

•07120 

£•9 

1 

26 

2 

3-3 

•625 

•08033 

•08007 

21 

2 

20 

3 

2-8 

•645 

•08973 

•09002 

IS 

3 

17 

1 

2-6 

•665 

•10117 

•10116 

1-7 

4 

18     i 

30 

•685 

•11315 

•11361 

2^0 

Carried 
forward 

18310 

297 

576-2 

... 

... 

290^2 

VOL. 

LTL 

Z 
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Table  II  [continued). 
Nurses'  Ultimate  Table. 


Age 

X 

Original 

Data 

Govt. 

Ultimate 

Expected 

Deaths 

Preliminary 

Adjustment 

Graduatee 

Table 

At 
Risk 

Actual 
Deaths 

Factor 

2x 

qx       ' 

Expected 
Deaths 

Brought 
fonvard 

85 

18310 

297 

576-2 

1 

290-2 

16 

1 

2-9 

•705 

•12759 

■12747 

2-0 

6 

10 

20 

•725 

•14145 

-14271 

14 

7 

11 

2-4 

■745 

•15956 

•15929 

18 

8 

11 

1 

2-5 

•765 

•17737 

-17705 

19 

9 

10 

2-5 

•785 

•19743 

■19577 

20 

90 

10 

2-7 

•805 

•21505 

-21493 

21 

1 

10 

5 

2-9 

-825 

•24087 

-23409 

23 

2 

-845 

■25976 

-25313 

3 

•865 

■28371 

■27557     1 

4 

•885 

•30400 

■30493     j 

95 

•905 

•34372 

•34474 

6 

■925 

•37060 

■39850 

7 

-945 

•42114 

•46975 

8 

•965 

-47304 

-56200 

^       9 

•985 

-644U4 

■67878 

100 

1-000 

•77778 

■82360     ; 

1       1 

-99999 

•99999 

Totals 

18388 

304 

594-1 

303^7 

1921.] 
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Table  III  (a). 
Nurses  Select  Table.     Year  0  to  \. 


\ 

Original  Data 

Graduated  Table 

Entry 

Attained 
Age 

Xurses' 
Ultimate 

Age 

;       [^] 

ix-] 

„.  ,          Actual 
At  Risk         Deaths 

Expected 
Deaths 

iw 

Expected 
Deaths 

36 

36 

6 

■03 

•00330 

•02 

7 

7 

5 

•03 

•00334 

•02 

8 

8 

4 

■02 

■00340 

•01 

9 

9 

9 

•05 

•00348 

-03 

40 

40 

17 

•09 

•00358 

-06 

1 

1 

21 

•12 

•00370 

-08 

2 

2 

13 

•07 

•00377 

•05 

3 

3 

20              1 

•12 

•00384 

•08 

4 

4 

29 

•17 

•00389 

-11  . 

45 

45 

55               1 

•33 

•00395 

•22 

6 

6 

34 

•21 

•00401 

•14 

7 

7 

37 

■23 

■00409 

•15 

8 

8 

45 

■29 

■00419 

•19 

9 

9 

31 

•20 

•00434 

•13 

j      50 

50 

1610              4 

lb06 

•00454 

7-31 

;      1 

1 

79 

■57 

•00480 

•38 

i        2 

2 

61 

•47 

•00510 

•31 

1         3 

3 

55              1 

•45 

•00541 

•30 

!         4 

4 

80             1 

•69 

■00572 

-46 

55 

55 

1019            10 

9^24 

•00600 

6-11 

6 

6 

90              1 

•85 

•00624 

•56 

7 

7 

62 

•61 

•00646 

•40 

8 

8 

75 

•76 

•00666 

•50 

i        9 

9 

44 

•46 

•00690 

•30 

60 

60 

647              3 

703 

•00719 

4^65 

1 

1 

63              1 

•72 

•00757 

•48 

O 

^ 

2 

47 

•57 

•00807 

•38 

3 

3 

37             1 

■49 

■00869 

■32     1 

4 

4 

34 

•48 

•00941 

•32 

65 

65 

44 

•68 

•01022 

•45 

6 

6 

32 

■54 

•01108 

•35 

7 

7 

23              1 

•42 

•01200 

•28 

8 

8 

13              1 

•26 

•01299 

•17 

9 

9 

10 

•21 

•01411 

•14 

70 

70 

12 

•28 

•01540 

•18 

1 

1 

6 

•15 

-01694 

•10 

2 

2 

4 

•11 

•01876 

•08 

3 

3 

4 

•13 

•02089     , 

•08 

4 

4 

4 

•14 

•02336 

•09 

1  Totals 

4481            26 

39-33 

25^99 

z  2 
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Table  III  (b). 
Nurses^  Select  Table.     Year  1  to  2. 


1 

Original  Data. 

Graduated  Table        1 

Entry      | 

Attained 
Age 

Nurses' 

Ultimate 

Age        ] 

1 

[a:] 

H  +  1 

Ai.  T,-  ,          Actual 
At  Risk         Deaths 

Expected 
Deatlis 

9[a^]+l 

Expected 
Deaths 

36 

37 

6 

•03 

•00350 

•02 

7 

8 

5 

•03 

•00356 

•02 

8 

9 

4 

•02 

•00365 

•01 

9 

40 

9 

•05 

•00375 

•03 

40 

41 

17 

•10 

•00387 

•07 

1 

2 

18 

•10 

•00396 

•07 

2 

3 

13 

•08 

•00403 

•05 

3 

4 

19 

•11 

•00408 

•08     ' 

4 

45 

29 

•17 

•00414 

•12 

45 

46 

53 

•32 

•00420 

•22 

6 

7 

34 

•21 

•00428 

•15 

7 

8 

37           ...                  -23 

•00439 

•16 

8 

9 

44            ...                   -29 

•00455 

•20 

9 

50 

31            ...                   -21 

■00476 

•15 

50 

51 

1484              4 

10-77 

•00503 

7^46 

1 

2 

73     ;       ... 

•56 

•00534 

•39 

2 

3 

58 

•47 

•00567 

•33 

3 

4 

53 

•46 

•00599 

•32 

4 

55 

75 

•68 

•00629 

•47 

55 

56 

912             7 

8^61 

•00654 

596 

6 

7 

78 

•76 

•00677 

■53 

7 

8 

62     1         1 

•62 

•00699 

•43 

8 

9     . 

69     j       ... 

•72 

•00723 

•50 

9 

* 

60 

41 

•45 

■00753 

•31 

60 

61 

606           10 

6-94 

•00793 

4^81 

1 

2 

60             1 

•73 

•00846 

•51 

2 

3 

44             1 

•58 

•00911 

•40 

3 

4 

34             1 

•48 

•00987 

•34 

4 

65 

29 

•45 

•01071 

•31 

1 

65 

66 

42     !         3 

•70 

•01161 

•49     1 

6 

7 

30   ;     ... 

•54 

•01258 

•38 

7 

'         8 

22 

•43 

•01362 

•30 

8 

9 

12 

•26 

•01479 

•18 

9 

70 

10 

•23 

•01615 

•16     1 

70    ^ 

71 

12 

•31 

•01775 

1           -21 

1 

2 

4             1 

•11 

-01966 

•08 

2 

3 

4 

•13 

-02190 

•09 

3 

4 

4 

•14 

•02449 

■10 

4 

75 

4 

•16 

•02746 

■11 

Totals    i 

i 

4141            29 

38-24 

26^52     1 

1921.] 
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Table  III  (c). 
Nurses'  Select  Table.     Year  2  fo  S. 


Original  Data 

Gradxtated  Table 

Entry 
Age 

Attained 

Age 

Xurses' 
Ultimate 

w 

M+2 

,.  „.  ,          Actual 
At  Kisk        Deaths 

Expected 
Deaths 

QM^i 

Expected 
Deaths 

36 

38 

6 

•03 

•00377 

'           -02 

7 

9 

5 

•03 

•00385 

•02 

8 

40 

4 

•02 

•00396 

•02     [ 

9 

1 

8 

•04 

•00410 

•03 

40 

42 

17 

•10 

•00418 

i 
•07 

1 

3 

18              1 

•10 

•00426 

•08 

2 

4 

13 

•08 

•00432 

•06 

3 

45 

18 

•11 

•00437 

•08 

-t 

6 

27 

•16 

•00444 

•12 

45 

47 

51 

•32 

•00453 

■23 

6 

8 

33 

•21 

•00465 

•15 

7 

9 

34 

•22 

•00481 

•16 

8 

50 

44 

•30 

•00503 

•22 

9 

1 

30 

-22 

•00532 

•16 

50 

52         1 

1316              3 

10- 15 

•00565 

7^44 

1 

3 

66 

•54 

•00599 

•40 

2 

4 

54 

•47 

•00634 

•34 

3 

55 

50              1 

•45 

•00665 

•33 

4 

6 

68 

•64 

•00692 

•47 

55 

57 

786              4 

7^68 

•00716 

563 

6 

8 

70             2 

•71 

•00739 

•52 

7 

9 

60             2 

•63 

•00764 

•46 

8 

GO 

66 

•72 

■00796 

•53 

9 

1 

34 

•39 

•00839 

•29 

60 

62 

544              7 

6^64 

•00895 

4^87 

1 

3 

58 

•76 

•00964 

•56 

2 

4 

41 

■5S 

•01043 

•43 

3 

65 

32 

•49 

•01133 

[           -36 

4        I 

6 

27     :       :.. 

•45 

•01228 

i            33 

65 

67 

36 

•65 

•01330 

I 
•48 

6 

8 

28             1 

•55 

•01440 

•40 

7 

9 

21              2 

•45 

•01564 

•33     1 

8 

70 

10 

•23 

•01707 

•17     j 

9 

1 

9              1 

•23 

•01877 

•17     I 

70 

72 

11 

•31 

•02079 

•23 

1 

3 

2 

■06 

•02315 

•05 

2 

4 

3            ... 

•11 

•02589 

•08 

3 

75 

4 

•16 

•02903 

•12 

4 

6 

4 

•18 

•03261 

•13 

Totals 

3708           24 

36^17 

26-54 
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Table  III  (d). 
Nurses'  Select  Table.      Year  3  to  4. 


Original  Data 

Gradtated  Table 

Entry 
Age 

Attained 
Age 

Nurses' 
Ultimate 

1 

[*] 

M+3 

.  ^  T,  ■  ,          Actual 

Expected 

Expected 

At  Risk         Deaths 

Deaths 

!7M+- 

Deaths 

36 

39 

6 

•03 

•00482 

•03 

7 

40 

5 

•03 

■00496 

•02 

8 

1 

4 

•02 

•00512 

•02 

9 

2 

8 

•05 

•00523 

•04 

40 

43 

14 

•OS 

•00533 

•07 

1 

4 

16 

•09 

•00540 

•09 

2 

45 

11 

•07 

•00547 

•06 

3 

6 

16 

•10 

•00556 

•09 

4 

i 

27 

•17 

•00567 

i            -15     ' 

45 

48 

47 

•30 

•00581 

•27 

6 

9 

31 

•20 

•00602 

1           -19 

7 

50 

29 

•20 

•00630 

i           -18 

8 

1 

42              2 

•30 

•00666 

•28 

9 

2 

27              1 

•21 

•00707 

•19     ! 

50 

53 

1165            13 

9-53 

•00750 

'         8-74:     ' 

1 

4 

63 

•54 

•00793 

•50 

2 

55 

46 

•42 

•00831 

•38 

3 

6 

43     ;       ... 

•41 

•00865 

•37 

4 

/ 

65             1 

•64 

•00896 

1            -58 

65 

58 

680             8 

6-S5 

•00924 

6^28 

6 

9 

59              1 

•62 

•00956 

i            ^56 

7 

60 

54 

•59 

•00996 

•54 

8 

1 

61 

•70 

•01050 

•64 

9 

2 

27 

•33 

■01119 

•30 

60 

63 

477             3 

6-27 

•01205 

5^75 

1 

4 

54 

•77 

•01305 

•70 

2 

65 

36 

•56 

•01417 

i            "^^ 

3 

6 

29 

•49 

•01536 

'            ^45 

4 

7 

25             1 

•45 

•01664 

•42 

65 

68 

33 

•65 

•01801 

1            ^59 

6 

9 

26             1 

•55 

•01956 

•51 

7 

70 

14 

•33 

•02136 

•30 

8 

1 

9 

•23 

•02349 

•21 

9 

2 

7 

•20 

•02601 

i            •IS 

70 

73 

11 

•35 

•02897 

•32 

1 

4 

2 

•07 

•03240 

•06 

2 

75 

1            ... 

•04 

•03632 

I           -04 

3 

6 

4 

•18 

•04079 

•16 

4 

7 

4 

•20 

•04586 

•18 

Totals 

3278     i       31 

33-82 

30^95 

1921.] 
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Table  IV. 

Values  of  Annuities  at  Date  of  Purchase  and  four  or  more  years  after 
Purchase,  hy  the  Tahle  for  Nurses,  and  by  tlie  Government  Table 
1883,  Females. 

Interest  2  2  per-cent. 


At  Date  of  Purchase 

4  OR  MORE  Years  after  Purchase 

Entry 
Age 

Nurses 

Govt. 
Females 

Attained 
Age 

Nurses            pGovt^ 

40 
45 
50 
55 
60 
65 
70 

22-732 
21124 
19-324 
17-378 
15-265 
12-982 
10-631 

19-524 
17-949 
16-190 
14-329 
12-333 
10-296 
8-260 

44 
49 
54 
59 
64 
69 
74 

21-340          18-057 
19-568          16-331 
17-627          14-434 
15-543     ,      12-482  ' 
13-253          10-367 
10-865     :        8-308 
8-446            6-340 

Interest  4  per-cent. 


At  Date  of  Purchase 

4  OR  MORE  Years  after  Purchase 

1 

Entrj- 
Age 

Nurses 

Govt. 
Females 

Attained 
Age 

Nurses 

Govt. 
Females 

40 
45 
50 
00 
60 
!         65 
70 

18-015 
17-049 
15-899 
14-588 
13-084 
11-369 
9-508 

15-904 
14-879 
13-669 
12-328 
10-818 
9-204 
7-520 

44 
49 
54 
'59 
64 
69 
74 

17-159 
16-0.37 
14-738 
13-269 
11-558 
9-681 
7-683 

14-917 
13-739 
12-374 
10-908 

9-236 

7-540 

5-854     i 
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Table  Y. 

British  Offices'  Experience. 

Factor.'i  fw  various  groups  of  Entry  Ages,  hy  which  to  multiply  0^'''°^'  qj^,  so 
as  to  ohtain  the  O'^^'  Sded  q^^],  q[-,,]+i,  ^7^+2,  qixHs,  ««'^  Qixm, 
which  inll  reproduce  (a)  the  Actual  Deaths  by  the  Original  Data,  and 
(/>)  the  Expected  Deaths  by  Hardy's  c/raduation. 

{a)  Actual  Deaths  by  Original  Data  reproduced. 


Entry  Ages 
of  Group 

Year  0  to  1 

Year  1  to  2 

Year  i  to  3 

Year  3  to  4 

\ ear  4  to  o 

15  to  19 

■44234 

•79310 

■64338 

•83012 

hOOOOO 

20  „  24 

•38631 

•70067 

•79816 

•80301 

•83463 

25  „  29 

•39467 

■57836 

•70280 

•76349 

•80586 

30  „  34 

•45659 

■61243 

•74286 

•76082 

•82809 

35  „  39 

•40808 

■66289 

•74961 

•79603 

•81861 

40  „  44 

■49054 

.63230 

•73257 

•79211 

•75281 

45  „  49 

•43869 

•67948 

■70693 

•86323 

•83749 

50  „  54 

•51884 

•76255 

■80456 

•80909 

•81025 

55  „  59 

■51102 

•72396 

■76923 

•76683 

•75301 

60  „  64 

•51036 

•69020 

■73416 

•68731 

•91971 

65  „  69 

■44982 

•77187 

•65767 

•96721 

•95717 

20  „  34 

■41797 

•61691 

•73813 

•76999 

•82072 

35  „  49 

•44347 

•65707 

•73253 

•81281 

•80166 

50  „  64 

•51471 

•73624 

•77953 

•77179 

•81262 

20  „  64 

•44269 

■65178 

•74278 

•78741 

•81162 

15  „  69 

■44278 

■65535 

•74027 

•79060 

•S160S 

1 

(b)  Hardy 

s  Expected 

Deaths  rej. 

produced. 

15  to  19 

•39969 

■66552 

•75551 

•80502 

•84200 

20  „  24 

•40367 

•66362 

•75280 

•80060 

•83775 

25  „  29 

•41188 

•66103 

•74869 

•79740 

•83639 

30  „  34 

•42327 

•65738 

•74327 

•79292 

•83298 

35  „  39 

•43754 

•65325 

•73646 

•78751 

•82950  1 

40  „  44 

•45483 

•64825 

•72940 

•78189 

•82533  1 

45  „  49 

•47217 

■64363 

•72191 

•77644 

•82161  1 

50  „  54 

•48950 

■63949 

•71609 

•77152 

•81909 

55  „  59 

•50493 

•63568 

•71119 

•76772 

•81670 

60  .,  64 

•51675 

•63451 

•70711 

•76737 

•81606 

65  „  69 

•52941 

■63122 

•70826 

•76393 

•81441 

1 

20  „  34 

•41479 

■66005 

•74727 

•79614 

•83521 

35  „  49 

•45230 

•64905 

•73022 

•78264 

•82595 

50  „  64 

•49961 

•63741 

•71276 

•76946 

•81770 

20  „  64 

•44231 

•65210 

•73479 

•78618 

•82841 

15  „  69 

•44284 

•65199 

•73469 

•78610 

•82836 

1921.] 


Select  Murtality  Tables. 
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Table  VI  (a). 
0^'"  Select  Table.     Year  0  to  \. 


Age 

1 

Original  Data 

0MI3) 

Expected 

Deatlis 

Kixr, 

Hardy 

At 
Risk 

Actual 
Deaths 

1[x] 

j 
Expected 
Deaths 

7[.<l 

\  Expected 
Deaths 

20 

5768 

17 

37-6 

-00289 

16^7 

•00261 

151 

1 

10010 

26 

66-0 

•00292 

29-2 

•00264 

26-4 

2 

12392 

27 

82-4 

-00294 

36-4 

•00268 

332 

3 

15099 

31 

101-5 

•00297 

44-8 

•00272 

4M 

4 

17861 

57 

121-5 

-00301 

53^8 

•00276 

49-3 

25 

20401 

50 

140-6 

•00305 

62^2 

•00281 

.57-3 

6 

21501 

51 

150-1 

-00309 

(i6-4 

-00286 

61-5 

7 

22024 

69 

156-2 

-00314 

69-2 

-00292 

64-3 

8 

22249 

53 

160-4 

•00319 

71-0 

•00298 

66-3 

9     * 

22606 

82 

165-5 

•00324 

73-2 

•00305 

68-9 

30 

23113 

72 

172-7 

•00331 

76-5 

•00312 

72-1 

1 

21215 

76 

161-7 

-00337 

71-5 

-00321 

68^1 

2 

20535 

75 

159-6 

-00344 

70-6 

-00329 

67-6 

3 

19670 

67 

156-6 

-U0352 

69-2 

-00339 

66^7 

4 

1 

18505 

76 

151-0 

-00361 

66-8 

•00350 

64-8  j 

1 
35 

17790 

71 

148-9 

-00371 

66-0 

-00361 

64^2 

G 

16510 

57 

1420 

-00381 

62-9 

-00374 

61-7  ! 

7 

14944 

52 

132-4 

•00392 

58-6 

•00388 

58-0 

8 

14157 

53 

129-5 

-00405 

57-3 

-00403 

57^1 

9 

13337 

44 

1260 

-00418 

55-7 

•00420 

56-0 

40 

12821 

60 

125-4 

•00433 

55-5 

•00438 

56^2 

1 

11235 

42 

114-0 

-()0449 

50-4 

-00458 

51-5 

2 

10434 

58 

110-2 

-00467 

48-7 

-00480 

50-1 

3 

9517 

61 

104-6 

-00487 

46-3 

•00504 

48^0 

■4 

8749 

51 

100-3 

-00507 

44-4 

•00530 

464 

45 

8202 

46 

98-4 

•00531 

43-6 

•00558 

45^8  i 

6 

7152 

43 

89-8 

•00556 

39-8 

-00590 

42  2 

7 

6466 

31 

85-4 

•00584 

37-8 

-00624 

40^3 

8 

5860 

32 

81-3 

•00614 

36-0 

-00661 

38^7 

9 

5346 

38 

78-2 

-00648 

34-6 

-00702 

37^5 

50 

5193 

49 

SO-2 

-00684 

35-5 

•00746 

38-7  ■ 

1 

4045 

21 

66-1 

.00723 

29-2 

•00795 

32-2 

2 

3670 

37 

63-5 

-00766 

28-1 

•00849 

31-2  i 

3 

3193 

27 

58-7 

-00814 

26-0 

•00907 

29-0  1 

4 

2825 

34 

55-3 

-00866 

24-5 

•00971 

27-4  ! 

55 

2467 

17 

51-4 

-00922 

22-7 

•01040 

25-7 

6 

2110 

22 

46-9 

-00984 

20-8 

-01117 

236 

7 

1700 

23 

40-4 

■01051 

17-9 

-01200 

20-4  1 

8 

1477 

23 

37-5 

-01125 

16-6 

-01291 

19-1 

9 

1363 

24 

37-1 

-01205 

16-4 

-01390 

18^9 

60 

1348 

25 

39-4 

•01293 

17-4 

-01499 

i 
202  1 

1 

806 

12 

25-3 

•01389 

11-2 

■01618 

130  i 

2 

712 

12 

24-0 

-01493 

10-6 

■01748 

12-4  1 

3 

541 

10 

19-6 

•01608 

8-7 

-01889 

10-2 

4 

438 

5 

17-1 

-01732 

7-6 

-02044 

9-0 

Totals 

467357 

1 

1909 

4312-3 

1908-3 

1907-4 
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On  a  Short  Method  of  Constmctiiig 


[April 


Tap.le  VI  (b). 
O^^'J  Select  Table.     Year  \  to  2. 


Origixai 

Data 

King               | 

Har 

DY 

Age 

H  +  1 

0M(.->) 

At  Risk 

Actual 
Deaths 

Expefted 
Deaths 

?[x]+l 

Expected 
Deaths 

9l.'-J+i 

Expected 
Deaths 

21 

5128     , 

30 

33-8 

•00430 

22^1 

•00437  1 

22-4 

2 

8939 

44 

59-4 

•00433 

38-7 

•00442 

39-5 

3 

11182 

49 

751 

•00438 

49-0 

•00446  ; 

49-0 

4 

13603 

57 

92-5 

-00443 

60-3 

•00451 

61-3 

25 

16215 

81 

111-7 

•00449 

72-8 

•00457 

74-1 

26 

18530 

81 

129-3 

■00455 

84-3 

•00463 

85-8  1 

7 

19684     • 

71 

139-6 

-00462 

90-9 

•00469  ! 

92-3 

8 

20192 

97 

145-6 

•00470 

94-9 

•00476  j 

961 

9 

20540     i 

70 

150-4 

-00477 

98-0 

-00484 

99-4 

30 

20901 

98 

156-1 

•00487 

101-8 

-00493 

103-0 

31 

21401 

93 

163-1 

•00497 

106-4 

-00502  [ 

107-4 

2 

19698 

89 

1531 

•00506 

99-7 

-00512 

100-9 

3 

19072 

89 

151-8 

•00519 

99-0 

-00523  1 

99-7  i 

4 

18254 

106 

149-0 

■00532 

97-1 

-00536  1 

97-8  i 

35 

17195 

89 

143-9 

•00546 

93-9 

-00549  ' 

94-4 

36 

16615 

89 

142-9 

•00561 

93-2 

•00564 

93-7 

7 

15391 

89 

136-4 

-00577 

88-8 

•00580 

89-3 

8 

13888 

94 

127-1 

-00596 

82-8 

•00597 

82-9 

9 

13183 

82 

124-6 

-00616 

1        81-2 

•00616 

81-2 

40 

12494 

79 

122-2 

-00637 

79-6 

•00637 

79-6 

41 

11928 

83 

121-1 

•00662 

79-0 

•00660 

78-7 

2 

10478 

65 

110-6 

■00688 

72-1 

•00685 

71-8 

3 

9734 

65 

107-0 

•00716 

69-7 

•00713 

69-4 

4 

8946 

65 

102-5 

■00747 

66-8 

•00742 

66-4 

45 

8174 

63 

98-1 

-00782 

63-9 

•00775 

63-3 

46 

7710 

71 

96-8 

-00819 

63-1 

•00811 

62-5 

7 

6690 

57 

88-3 

-00860 

57-5 

•00850 

56-9 

8 

6062 

60 

84-1 

•00905 

54-9 

•00893 

54-1 

9 

5479 

53 

80-2 

•00954 

52-3 

•00940 

51-5 

50 

5012 

49 

77-4 

•01007 

50-5 

•00991 

49-7 

51 

4908 

62 

80-2 

•01065 

52-3 

•01047 

51-4 

2 

3797 

51 

65-7 

•01128 

42-8 

•01108 

421 

3 

3440 

51 

63-3 

-01199 

41-2 

•01175 

40-4 

4 

2964 

46 

58-0 

-01275 

37-8 

•01249 

37-0 

55 

2660 

36 

55-4 

•01^58 

361 

•01329 

35-4 

56 

2312 

33 

51-4 

-01448 

\        33-5 

-01416 

32-7 

7 

1980 

41 

47-0 

-01548 

30-7 

-01511 

29-9 

8 

1583 

29 

40-2 

•01656 

26-2 

-01616 

25-6 

9 

1395 

28 

38-0 

•01774 

24-7 

-01730 

24-1 

60 

1283 

24 

37-5 

•01904 

24-4 

-01855 

23-8 

61 

1262 

25 

39-6 

•02045 

25-8 

•01991 

25-1 

2 

762 

19 

25-7 

•02198 

16-7 

•02140 

16-3 

3 

673 

23 

24-4 

•02367 

15-9 

•02302 

15-5 

4 

512 

10 

20-0 

•02550 

13-1 

•02480 

12-7 

65 

421 

11 

17-8 

•02751 

11-6 

•02674 

i        11-3 

Totals 

432270 

\  2697 

1 

4137-9 

2697-1 

2698-3 

1921.] 


Select  Murtalitfi  Tables. 
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Table  YI  (c). 
0^*^^  Select  Table.     Year  2  to  3. 


Original  Data      | 

King               | 

Hardy 

0M(.5I 
Expected 

Aue 

1 

Actual 

Deaths 

Expefted 

2[.rl+2 

Expected 

At  Bisk 

Deaths 

9W+-2 

Deaths 

Death.s    ; 

22 

4094 

25 

31-2 

-00494 

232 

•00502 

23-6 

'i 

8194 

45 

551 

-00499 

40-9 

-00507 

41-5  i 

4 

10357 

70 

70-4 

-00505 

52-3 

-00512 

53.0  1 

2.5 

12571 

69 

86-6 

-00512 

64-4 

-00518 

65-1 

(j 

15045 

69 

1050 

•00518 

77^9 

-00525 

79-0 

27 

17368 

79 

1231 

-00527 

91-5 

-00532 

92-4  \ 

8 

18382 

87 

132-5 

•00536 

98^5 

-00540 

99-3 

0 

18993 

117 

1390 

-00544 

1033 

■00549 

104-3 

30 

19442 

93 

145-2 

-00555 

107-9 

-00558 

108-5 

1 

19726 

109 

150-3 

-00566 

111-6 

-00569 

1122 

32 

20081 

111 

1560 

•00577 

115-9 

-00580 

116-5 

3 

18608 

110 

148-1 

•00591 

1100 

-00592 

110^2  ' 

4 

18044 

122 

147-2 

•00606 

109-3 

■00606 

109^3 

35 

17239 

104 

144-3 

-00622 

107-2 

-00621 

107^1 

G 

16205 

99 

139-4 

-00639 

103-5 

-00637 

1032 

37 

15728 

115 

139-4 

•00658 

103-5 

-00655 

103-0 

S 

14593 

88 

133-5 

•00680 

99-2 

•00675 

98-5 

9 

13134 

88 

124-1 

-00702 

92-2 

-00696 

91-4 

40 

12453 

95 

121-8 

-00726 

90-4 

-00719 

89-5 

1 

11838 

93 

120-2 

-00754 

89-3 

-00745 

88-2 

42 

11332 

85 

119-7 

•00784 

88-8 

•00773 

87-6 

3 

10013 

72 

1100 

'00816 

81-7 

•00803 

80-4 

4 

9276 

86 

106-3 

•00851 

78-9 

•00836 

77-5 

4.3 

8463 

71 

101-6 

•00891 

75-4 

•00873 

73-9 

0 

7763 

78 

97-5 

•00933 

72-4 

•00913 

70-9 

47 

7310 

68 

96-5 

•00980 

71-6 

•00956 

i       69-9 

8 

6338 

65 

88-0 

•01031 

65-3 

•01004 

63-6 

9 

5784 

62 

84-6 

•01087 

62-9 

•01056 

61 -1 

.50 

5184 

57 

80-1 

-01148 

59-5 

•01113 

57-7 

1 

4773 

50 

78-0 

-01214 

57-9 

•01175 

56-1 

52 

4639 

78 

80-3 

•01286 

59-7 

•01244 

57-7 

3 

3556 

41 

65-4 

•01366 

48-6 

•01318 

46^9 

4 

3278 

51 

64-1 

•014.53 

47-6 

•01399 

45^9 

bo 

2816 

63 

58-7 

•01547 

43-6 

-01488 

41-9 

•5 

2515 

28 

55-9 

•01650 

41-5 

-01586 

39-9 

57 

2161 

40 

51-3 

•01764 

38-1 

-01692 

36-6 

8 

1873 

37 

47-6 

-01887 

35-3 

-01808 

33-9 

9 

1511 

33 

41-1 

•02022 

30-6 

-01935 

29-2 

l)(J 

1335 

2S 

390 

•02170 

29-0 

-02073 

27-7 

1 

1215 

29 

38-1 

•02331 

28-3 

-02225 

27^0 

02 

1181 

31 

39-8 

•02505 

29-6 

•02390 

28^2 

3 

731 

21 

26-5 

•02698 

19-7 

■02571 

18-8 

4 

626 

17 

24-5 

•02906 

18-2 

-02768 

17^3 

05 

487 

11 

20-6 

•03135 

15-3 

-02983 

145 

0 

395 

15 

180 

•03383 

13-4 

-03218 

127 

Totals 

407250 

3005 

4045-6 

3004^9 

1 

2972-7 

31(3 


On  a  Short  Method  of  Constructing 


[April 


Table  VI  (d). 
O^"'  Select  Table.     Year  3  to  4. 


Age 

M+3 

Original  Data 

OM3, 

Expected 
Deaths 

King 

Hakdy 

At  Risk 

Actual 
Deaths 

ilx]+Z 

Expected 
Deaths 

2M+3 

1 
Expected  ! 
Deaths 

t 

23 

4365 

24 

29-3 

•00529 

231 

•00539 

23-5  1 

4 

7686 

52 

52-3 

•00535 

411 

•00545 

419 

25 

9713 

59 

66-9 

•00543 

52^7 

•00552 

536 

0 

11890 

57 

83-0 

•00550 

65^4 

•00559 

66-5 

7 

14239 

75 

101-0 

•00558 

79^5 

•00567 

80-7 

28 

16507 

90 

119-0 

•00568 

93^8 

•00576 

95^1 

9 

17489 

93 

12S-U 

•00576 

100-7 

•00585 

102-3 

.30 

18004 

96 

134-5 

•00588 

105-9 

•00595 

107^1 

1 

18508 

105 

141-0 

•00600 

111-0 

•00607 

112-3 

2 

18892 

127 

146-8 

•00612 

115-6 

•00619 

116-9 

33 

19191 

105 

152-8 

•00627 

120-3 

•00633 

121-5 

4 

17836 

112 

145-5 

•00643 

1147 

•00647 

115-4 

35 

17220 

94 

144-1 

•00659 

1135 

•00664 

114-3 

(i 

16553 

117 

142-4 

•00677 

1121 

•00681 

112-7 

7 

15587 

122 

138-1 

•00698 

108^8 

•00701 

1093 

38 

14985 

112 

1371 

•00720 

107-9 

■00722 

108^2 

9 

13967 

1C8 

132-0 

•00744 

103-9 

•00745 

104^1 

40 

12670 

98 

123-9 

•00770 

97-6 

•00770 

97^6 

1 

11970 

89 

121-5 

•00799 

95-6 

•00798 

955 

2 

11358 

98 

119-9 

•00832 

94-5 

•00829 

94^2 

43 

10861 

92 

119-4 

•00865 

939 

•00862 

93-6 

4 

9681 

103 

110-9 

•00902 

87^3 

•00898 

86^9 

45 

8890 

89 

106-7 

•00945 

84^0 

•00938 

83^4 

ij 

8128 

82 

102-1 

•00989 

80^4 

•00981 

79^7 

" 

7480 

60 

98-7 

•01039 

77-7 

•01028 

76^9 

48 

7024 

75 

97-5 

•01093 

76-8 

•01080 

75^9 

9 

6052 

76 

88-5 

•01152 

697 

•01137 

68^8 

50 

5540 

82 

85-6 

•01217 

67-4 

•01199 

66^4 

1 

4956 

69 

81-0 

•01287 

03^8 

•01267 

62^8 

o 

4595 

71 

79-5 

•01363 

62^6 

•01341 

616 

53 

4409 

72 

81-1 

-01448 

63^8 

•01422 

62^7 

4 

3426 

52 

67-0 

-01540 

52^8 

•01510 

51-1 

oo 

3138 

52 

ti5-4 

•01640 

515 

•01607 

50^4 

(j 

2665 

46 

59-2 

•01750 

46^6 

•01713 

457 

" 

2413 

45 

57-3 

•01870 

451 

•01828 

441 

58 

2073 

44 

52-7 

•02001 

415 

•01955 

40-5 

9 

1814 

33 

49-4 

•02143 

389 

•02092 

37-9 

(jO 

1468 

22 

42-9 

•02300 

338 

■02243 

32-9 

1 

1291 

38 

40-5 

•02471 

319 

•02408 

31-1 

o 

1151 

35 

38-8 

•02656 

306 

•02587 

29-8 

b3 

1116 

32 

40-5 

•02860 

319 

•02783 

311 

4 

691 

27 

27-0 

•03080 

213 

•02997 

20-7 

<J5 

590 

9 

24-9 

•03324 

19-6 

•03231 

19^1 

•J 

472 

15 

21-5 

•03586 

16-9 

•03486 

16-5 

7 

377 

8 

18-5 

•03872 

14-6 

•03764 

142 

Totals 

388931 

3162 

4015-7 

3162^1 

...       1   31571 

1921.] 
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Table  VI  (e). 
0^*"^  Select  Table.     Year  4  to  5. 
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Original  Data      | 

EtKG                    1 

Hakdy 

0M(5) 

1 



Age 
'x^,  +4 

Expected 

1 

At  Risk     1 

Actual 
Deaths 

Deaths 

51^1+4     1 

Expected 
Deaths 

iM+i 

Expected 
Deaths 

1 

24 

4144     j 

22 

28-2 

•00552 

22-9 

•00571 

237 

25 

7238 

61 

49-9 

-00559 

40-5 

•00578 

4L8 

(S 

9218     ' 

56 

64-3 

•00567 

52^3 

•00586 

540 

1 

11351 

59 

80-5 

-00575 

653 

•00594 

67  4 

8 

13618     i 

70 

98-2 

-00585 

79^7 

•00603 

82^1 

29 

15840 

83 

115-9 

-00594 

94^1 

•00614  , 

97-3 

30 

16774 

107 

125-3 

•00606 

101-1 

•00625 

]04^8 

1 

17248 

115 

131-4 

-00618 

106^6 

•00637 

109^9 

2 

17796 

110 

138-3 

-00631 

112-3 

•00650 

115^7 

3 

18124 

113 

144-3 

-00646 

117-1 

•00664 

]20^3 

34 

18496 

121 

150-9 

-00662 

122-4 

•0C680 

125-8 

35 

17172 

121 

143-7 

■00679 

116-6 

•00698 

119-9 

6 

16591 

112 

142-7 

-00698 

115-8 

•00717 

119-0 

7 

15897 

121 

140-8 

-00719 

114-3 

•00737 
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4017-9 

3261-4 
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Table  YIII. 
Australian  Ultimate  Table  (AMP)"'"'. 


Age 
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0^1  (5t 

Expected 
Deaths 

Factors 

Graduated  Ultimate  Table 

At  Risk 

Actual 
Deaths 

Milne's        /,     ,     ^  j 
Method       Graduated 

9x 
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Deviation 
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63470 

•00484 

50-8     1 

-   7-2 

2 

11942     j 

50 

92-8 

-640 

64577 

•00502 

59-9 

+   9-9 

3 

13315     ! 

72 

1060 

•654 

65846 

-00524 

69-8 

-   2-2 

■4 

14574     ' 

95 

118-9 

•676 

67162 

•00548 

79-9 

-15-1 

35 

15902     ■ 

111 

1331 

•692 

68399 

•00572 

91-0     ' 

-20-0 

6 

16863 

91 

145-0 

•699 

69455 

•00597 

100-7 

+   9^7 

7 

17719     i 

87 

157-0 

-703 

70286 

-00623 

110-4 

+  23-4 

8 

18391 

125 

168-3 

-708 

70902 

-00649 

119-4 

-   5-6 

9 

18689 

134 

176-6 

-713 

71356 

•00674 

126-0 

-   8^0 

40 

18940 

150 

185-2 

•716 

71713 

•00701 

132-8 

-17-2 

1 

18938 

141 

192-2 

•720 

72028 

•00731 

138-4 

-   2^6 

;    2 

18754 

136 

198-0 

•723 

72331 

•00764 

143-3 

+   7-3 

3 

18593 

155 

204-3 

•726 

72636 

-00798 

148-4 

-   6-6 

'       4 

18102 

140 

207-4 

•729       : 

72944 

•00836 

151-3 

+  11-3 

1     45 

17836 

134 

214-0 

•733 

73252 

•00879 

156-8 

•f22-8 

!       6 

17299 

158 

217-3 

•736 

73562 

•00924 

159-8 

+    1^8 

7 

16599 

174 

219-1 

•739 

73885 

-00975 

161-8 

-12^2 

8 

15807 

161 

219-4 

•742 

74231 

-01030 

162-8 

+    1-8 

1       9 

15190 

170 

222-2 

•745 

74608 

-01092 

165-9 

-   4-1 

50 

14557 

160 

224-9 

•749 

75019 

•01159 

168-7 

+   8-7 

1 

13926 

172 

227-6 

•754 

75454 

•01233 

171-7 

-  03 

2 

13282 

183 

229-9 

•759 

75889 

-01314 

174-5 

-   8^5 

3 

12619 

162 

232-1 

•764 

76298 

-01403 

177-0 

^15-0 

4 

11929     , 

194 

233-3 

-768 

76655 

•01499 

178-8 

-15-2 

55 

11285 

163 

235-1 

•770 

76944 

•01603 

180-9 

+  17-9 

6 

10602 

170 

235-6 

■772 

77165 

•01715 

181-8 

+  11-8 

7 

9944 

171 

236-2 

•773 

77326 

•01836 

182-6 

+  11-6 

8 

9265 

170 

235-4 

•774 

77445 

•01968 

182-3 

+  12-3 

9 

8553 

179 

232-8 

•775 

77536 

•02111 

180-6 

1 

+    1-6 

1     60 

7803 

170 

227-9 

•776 

77604 

•02267 

176-9 

+    6-9 

i       1 

7029 

172 

220-6 

•777 

77653 

-02437 

171-3    : 

-  0-7 

2 

6294 

185 

212-3 

•778 

77689 

•02620 

164-9 

-20-1 

!       3 

5558 

153 

201-9 

•778 

77723 

•02823 

156-9 

+   3-9 

:     4 

4884 

166 

191-1 

•778 

77784 

•03043 

148-6 

-17-4 

Carried 
forward 

499614 

5063 

0907-3 

5095-7 

+  327 
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Tabi-E  VIII  {continued). 
Audralian  Ultimate  Table  (AMP)*"". 


Ai;e 

Original  Data 

Expected 
Deaths 

Factors 

Graduated  Ultimate  Table 

At  Risk 

Actual 
Deaths 

Milne's 
Method 

Graduated 

1x 

Expected 
Deaths 

Deviation 

Brought 
forward 

499614 

5063 

0907-3 

5095^7 

+  32^7 

65 

4336 

137 

1830 

•779 

•77912 

•03289 

142-6 

+   5^6 

6 

3774 

148 

171-9 

•780 

•78145 

•03559 

134-3 

-137 

7 

3258 

126 

160-2 

-782 

•78514 

•03861 

125-8 

-   0-2 

8 

2816 

138 

149-7 

•788 

•79022 

•04202 

118-3 

-19-7 

9 

2350 

110 

1351 

•796 

•79643 

•04578 

107-6 

-   2-4 

i     70 

1984 

116 

123-4 

•804 

•80325 

•04995 

99-1 

-169 

1 

1623 

83 

109-2 

•812 

•81010 

-05453 

88-5 

+  55 

2 

1324 

83 

96-5 

•818 

•81638 

•05951 

78-8 

-  42 

3 

1038 

65 

82-0 

•822 

•82169 

•06488 

67-3 

+   23 

4 

810 

63 

69-3 

•826 

•82584 

-07063 

57-2 

-  5-8 

75 

623 

38 

57-7 

•830 

•82881 

•07681 

47-9 

+   9-9 

6 

491 

36 

49-3 

•831 

•83074 

•08344 

41-0 

+   5-0 

7 

373 

23 

40-6 

•832 

•83184 

•09055 

33-8 

-flO-8 

8 

298 

37 

35-2 

•832 

•83234 

-09818 

29-3 

-   7^7 

9 

214 

31 

27-4 

•832 

•83248 

•10640 

22-8 

-   8^2 

SO 

155 

16 

21-5 

•832 

•83249 

•11527 

17-9 

+    19 

1 

112 

14 

16-8 

•832 

•83263 

•12489 

14-0 

+   0^0 

2 

78 

4 

12-7 

•832 

•83314 

•13531 

10^6 

•f    6-6 

3 

59 

11 

10-4 

•832 

•83430 

•14666 

8^7 

-  23 

4 

35 

6 

6-7 

•832 

•83635 

•15906 

5^6 

-  0-4 

1 
85 

28 

7 

5-8 

■832    ■ 

•83958 

•17263 

5^0 

-  2^0 

6 

17 

3 

3-8 

•832 

•84425 

•18759 

3-2 

+  0-2 

7 

13 

3 

3-1 

•832 

•85066 

•20409 

2-7 

-   03 

8 

8 

2 

2-1 

•85909 

•22237 

1^8 

-  0^2 

9 

4 

0 

11 

•86983 

•24271 

10 

+   l-O 

90 

3 

1 

0-9 

•88318 

•26535 

0-8 

-  0-2 

1 

2 

0 

0-6 

•89945 

•29068 

0-6 

+    0-6 

2 

2 

1 

0-7 

•91894 

•31905 

0-6 

-   04 

3 

•94199 

•35087 

4 

•96890 

-38662 

95 

•99999 

-42679 

6 

1 

-47338 

7 

■52840 

... 

8 

-59385 

... 

9 

1 

-67173 

100 

•76405 

1 

•87280 

2 

•99999 

- 

1 
1 

Totals 

1 

525442 

6365 

8484-0 

6362^5 

-  2^5 

1921.] 
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Table  IX. 
(AMP)'"*'*  Ultimate  Table.     Summary  in  Age  Groups. 


Original  Data 

0M(3) 

Expected 

Deaths 

Graduatep  Table 

Attained 

Ages 

if  Risk               Actual 
At  Kisk              Deaths 

Expected 
Deaths 

Deviation 

20  to  24 
25   „   29 
30   „    34 
35    „   39 
40    „    44 
45    „    49 
50    „    54 
55    „    59 
60    „    64 
65    „    69 
70   „    74 
75   „    79 
80    „    84 
85    „    89 
90    „    94 

4267 

24829 

59366 

87564 

93327 

82731 

66313 

49649 

31568 

16534 

6779 

1999 

439 

70 

7 

17 

109 

300 

548 

722 

797 

871 

853 

846 

659 

410 

165 

51 

15 

2 

28-7 

177-6 

465-2 

780-0 

987-1 

1092-0 

1147-8 

1175-1 

1053-8 

799-9 

480-4 

210-2 

68-1 

15-9 

2-2 

17-4 

109-3 

302-7 

547-5 

714-2 

807-1 

870-7 

908-2 

818-6 

628-6 

390-9 

174-8 

56-8 

13-7 

2-0 

+    0-4 
4-   0-3 
+   2-7 

-  0-5 

-  7-8 
+  10-1 

-  0-3 
+  55-2 
-27-4 
-30-4 
-19-1 
+   9-8 
+   5-8 

-  1-3 
0-0 

Totals 

525442 

6365 

8484-0 

+  84-3 
6362-5     1      -86-8 

Table  X. 

JFactors  by  ^oliich  to  imiUiply  (AMP)^'''*  Ultimate  q^,  so  as  to  obtain 
the  (AMPy**^  Select  qi^],  g^i-^i,  <?[x]+-2,  q[x]+3,  Q[x]+-i,  '^hich  will 
reproduce  by  Age  Groups  the  Actual  Deaths  of  the  Original  Data. 


Entry  Ages 
of  Groups 


Year  0  to  1     Year  1  to  2     Year  2  to  »    Year  3  to  4     Year  4  to  5 


15  to  19 
20   „   24 


25 
30 
35 
40 
45 
50 
55 
60 


29 
34 
39 
44 
49 
54 
59 
64 


•54348 
-73482 
-67868 
-69990 
-59313 
•71808 
•44610 
-54830 
-45249 
•53763 


-92199 
-70968 
•91399 
-81609 
•64951 
•87156 
•61350 
•73239 
•72464 
1-02273 


•78740 
•75294 
-97983 
•76923 
•89286 
•79239 
•95436 
•82153 
-72816 
1-72414 


-35398 
1-17048 
•76220 
•84472 
•83777 
•99836 
•52521 
•64789 
1-07317 
•96386 


■80000 
•93407 
1-13965 
-84306 
-81831 
•82770 
•70513 
•81461 
•90909 
•97561 


15  to  39 
40   „    64 

•66542     '      •78393           ^85255 
1      •57373          •76408          ^881 18 

•84958 
•80347 

•91896 
•80778 

15  to  64 

-63370          -77656          -86345 

•83165 

•87485 

Factors  adopted  foi-  the  final  Gi-aduation. 

15  to  64 

•63370          -77656          -83315 

•86312 

•87485 

2  A  2 
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Table  XI  (a). 
(AMPy**^  Select  Table.      Year  0  to  I. 


Age 

[rr] 

Original  Data 

(AMP)>"5» 

Ultimate 

Expected 

Deaths 

Select  Graduated  Table 

At  Risk 

Actual 
Deaths 

9U] 

Expected 
Deatlis 

Deviation 

15 

397 

1-5 

•00243 

1^0 

^    10 

6 

612 

2-4 

•00243 

15 

+  rs 

7 

922 

4 

3-5 

•00244 

2-2 

-    b8 

8 

1214 

1 

4-7 

•00245 

30 

+    2-0 

9 

1628 

5 

6-3 

•00247 

40 

-    1^0 

20 

2170 

8 

8-5 

•00250 

5-4 

-   2^6 

1 

2872 

11 

11-5 

•00253 

7-3 

-   3-7 

2 

3186 

7 

12-8 

•00255 

8^1 

+    11 

3 

3454 

8 

141 

•00258 

8-9 

+   0-9 

4 

3794 

12 

15-7 

•00262 

9^9 

-   21 

25 

4109 

10 

17-3 

•00266 

109 

+   0-9 

6 

4234 

/ 

181 

•00271 

115 

+   4-5 

7 

4383 

18 

191 

•00276 

121     i 

-  5-9 

8 

4483 

20 

19-9 

•00281 

12-6 

-    74 

9 

4394 

9 

19-9 

•00288 

12^7 

+    3-7 

30 

4682 

13 

21-9 

•00297 

J3-9 

+   0-9 

1 

4243 

16 

20-5 

•00307 

130 

-  3^0 

2 

4108 

17 

20-6 

•00318 

131 

-  3-9     1 

3 

3985 

15 

20-9 

•00332 

13-2 

-   1^8     1 

4 

3728 

12 

20-4 

•00347 

12-9 

+   09     1 

35 

3623 

11 

20-7 

•00362 

13-1 

+   21     1 

6 

3281 

10 

19-6 

•00378 

12-4 

+   2^4 

7 

3062 

11 

19-1 

•00395 

121 

+    11 

8 

2954 

17 

19-2 

•00411 

121 

-  4^9 

9 

2601 

8 

17-5 

•00427 

111 

+   31 

40 

2703 

11 

18-9 

•00444 

120 

+    10 

1 

2101 

14 

15-4 

•00463 

9-7 

-  43 

2 

1854 

10 

14-2 

•00484 

9-0 

-   10 

3 

1715 

6 

13-7 

•00506 

8^7 

+   2^7 

4 

1558 

13 

130 

•00530 

8-3 

-   4^7     ; 

45 

1566 

8 

13-8 

•00557 

8-7 

+   0-7 

6 

1182 

6 

10-9 

•00586 

6-9 

+   0-9 

1 

1019 

2 

9-9 

■00618 

6-3 

+   43 

8 

952 

4 

9-8 

•00653 

6-2 

+   2-2 

9 

862 

4 

9-4 

•00692 

6-0 

+   2^0 

50 

887 

11 

10-3 

•00734 

6-5 

-   45 

1 

647 

5 

8-0 

•00781 

5-1 

+    0-1 

2 

547 

2 

7-2 

•00833 

4-6 

+   2-6 

3 

464 

3 

6-5 

•00889 

41 

+    M     . 

4 

418 

6-3 

•00950 

40 

+   4-0 

1       55 

397 

4 

6-4 

•01016 

41 

+   01 

6 

259 

2 

4-4 

•01087 

2^8 

+    0^8 

7 

210 

3 

3-9 

•01163 

25 

-   0^5 

S 

177 

3-5 

•01247 

2-2 

+   2^2 

9 

185 

i 

3-9 

•01338 

2^5 

+    15 

(iO 

175 

1 

4-0 

•01437 

2-5 

+    15 

1 

92 

1 

2-2 

•01544 

1-4 

+   04 

2 

49 

1 

13 

•01660 

0-S 

-   02 

3 

36 

1 

10 

•01789 

0-6 

-  04 

4 

26 

1 

0-8 

•01928 

0-5 

-   05 

Totals 

98200 

364 

574-4 

364^0 

.N-,1.       i 

J  921.] 
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Table  XI  (b). 
(AMP)f"'  Select  Table.     Year  1  to  2. 


Age 

W  +  1 

Origikal  Data 

(AMP)M<5) 

Ultimate 

Expected 

Deaths 

Select 

Graduated  Tablb 

At  Risk 

Actual 
Deaths 

9[x]+i 

Expected  i^     .     . 
Deaths        Deviation 

16 

315 

2 

1-2 

•00298 

'        0-9           -    M 

7 

459 

1 

1-8 

•00299 

14           +   0-4 

8 

709 

... 

2-7 

•00301 

1        21            +   2^1 

9 

941 

8 

3-7 

•00303 

2-9           -   51 

20 

1182 

2 

4-7 

•00306 

:        3-6           +    16 

21 

]602 

4 

6-4 

•00310 

5^0        +  ro 

2 

2123 

7 

8-6 

•00313 

6-6           -   0-4     : 

3 

2277 

7 

9-3 

•00317 

7^2 

+   0^2 

4 

2502 

9 

10-4 

•00321 

8^0 

-   1-0 

25 

2812 

6 

11-8 

•00326 

92 

+   3-2 

26 

3119 

12 

13-3 

•00332 

10-4     i      -   1-6 

i         7 

3230 

10 

141 

•00338 

109           +   0^9 

i         8 

3391 

17 

151 

•00345 

lb7           -  5^3 

9 

3458 

14 

15-7 

•00353 

122           -   1-8 

30 

3461 

15 

16-2 

•00363 

126           -  24 

31 

3693 

12 

17-9 

•00376 

139           +   1-9 

2 

3370 

9 

16-9 

•00390 

131           +   41 

3 

3318 

8 

17-4 

•00407 

135           +   5^5 

4 

3220 

21 

17-6 

•00426 

137           -   73 

35 

3014 

21 

17-2 

•00444 

134           -  76 

1       36 

2917 

12 

17-4 

•00464 

13-5           +    15 

1         7 

2691 

10 

16-8 

•00484 

130           +   30 

8 

2497 

12 

16-2 

•00504 

12-6          H-  0-6 

9 

2416 

9 

16-3 

•00523 

12-6 

+   3^6 

40 

2129 

10 

14-9 

•00544 

11-6 

+    1^6 

41 

2226 

17 

16-3 

•00568 

126 

-  44 

2 

1773 

12 

13-5 

•00593 

105 

-   1-5 

3 

1519 

10 

121 

•00620 

9^4 

-  0-6 

4 

1447 

9 

121 

•00649 

9-4 

+  0-4 

45 

1297 

9 

11-4 

•00683 

89 

-  01 

46 

1301 

7 

120 

•00718 

94 

+   2^4 

'         7 

1018 

2 

9-9 

•00757 

7-7 

+  5-7 

i         8 

900 

8 

9-3 

•00800 

72 

-  0-8 

1         9 

810 

5 

8-8 

■00848 

6^9 

+   1-9 

'       50 

764 

8 

8-9 

•00900 

69 

-   11 

51 

755 

6 

9-3 

•00957 

7-2 

+   1-2 

2 

574 

6 

7-5 

•01020 

5-9 

-  01 

1         3 

468 

5 

6-6 

•01090 

51 

+   01     i 

4 

409 

6 

61 

•01164 

4^8 

-   1-2     1 

55 

373 

3 

6-0 

•01245 

46 

+   1-6 

56 

338 

5 

5-8 

•01332 

45 

-  0^5     i 

7 

232 

1 

4-3 

•01426 

33           +   23 

8 

181 

4 

3-6 

•01528 

28           -   1^2 

9 

156 

•  .. 

3-3 

•01639 

26     '      +  26 

60 

164 

5 

3-7 

•01760 

29           -  21 

61 

155 

3 

3-8 

•01892 

29           -  01 

2 

76 

3 

2-0 

•02035 

15     i      -  1-5 

3 

44 

... 

1-2 

•02192 

10           +   10 

4 

33 

3 

10 

•02363 

0-8           -  2^2 

65 

24 

0-8 

•02554 

0-6         +  ©•e 

Totals 

77883 

375 

482-9 

j   375^0            NU.       ' 
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Table  XI  (c). 
(AMP)f"^  Select  Table.     Year  2  to  3. 


Original 

Data 

Select  Graduatee 

Tab  LB 

Age 

(AMP)M*5t 

M  +  2 

Ultimate 

[ 

At  Risk 

Actual 
Deaths 

Expected 
Deaths 

9M+i 

Expected 
Deaths 

Deviation    j 

17 

269 

10 

•00321 

0-9 

+  0-9   : 

8 

403 

"•2 

1-6 

•00322 

1-3 

-  0^7 

9 

640 

2-5 

•()((325 

21 

+   21 

20 

863 

4 

3-4 

•00328 

2^8 

-   12     ■ 

1 

1061 

4 

4-2 

•00332 

35 

-  0-5 

22 

1431 

3 

5-8 

•00336 

4^8 

+  rs 

3 

1904 

3 

7-8 

•0(1340 

6^5 

+   3-5 

4 

2059 

5 

8-5 

•00345 

71 

+   21 

25 

2271 

11 

9-5 

•00350 

7^9 

-  31 

6 

2555 

10 

10-9 

•00356 

91 

-   09 

27 

2820 

13 

12-3 

•00362 

10-2 

-   2^8 

8 

2934 

12 

130 

•00370 

10^9 

-   11 

9 

3061 

14 

13-9 

•00378 

116 

-  24 

30 

3157 

14 

14-8 

•00390 

12-3 

-   17 

1 

3175 

15 

15-4 

•00403 

12-8 

-  22 

32 

3378 

12 

17-0 

•00418 

141 

+   21 

3 

3107 

10 

16-3 

•00437 

13-6 

+   36 

4 

3052 

8 

16-7 

•00457 

13-9 

+   5^9 

35 

2932 

17 

16-8 

•00477 

14^0 

-  30 

6 

2755 

17 

16-4 

•00497 

137 

-  33 

37 

2689 

11 

16-8 

•00519 

140 

+  30    ! 

8 

2474 

15 

161 

•00541 

134 

-   1-6 

9 

2298 

14 

loo 

•00562 

129 

-  11     ! 

40 

2225 

17 

15-6 

■00584 

130 

-  4^0 

1 

1967 

13 

14-4 

•00609 

120 

-   10 

42 

2038 

12 

15-6 

•00637 

13^0 

+    10 

3 

1644 

7 

131 

•00665 

109 

+   3^9 

4 

1400 

9 

11-7 

•00697 

9-8 

+    0-8 

45 

1320 

10 

11-6 

•00732 

9^7 

-   03 

6 

1198 

12 

111 

•00770 

9^2 

-  28 

47 

1203 

11 

11-7 

•00812 

9-7 

-   13 

8 

952 

8 

9-8 

■00858 

8^2 

+   0^2     ! 

9 

831 

10 

9-1 

•00910 

7^6 

-  2^4     j 

50 

761 

8 

8-8 

•00966 

74 

-  06 

1 

711 

9 

8-8 

•01027 

73 

-   17 

52 

703 

12 

9-2 

•01095 

7-7 

-  43     ' 

3 

548 

6 

7-7 

•01169 

64 

+   04     r 

4 

435 

3 

6-5 

•01249 

5^4 

+   2^4     ' 

1       55 

375 

4 

6-0 

•01336 

50 

+    10 

6 

346 

4 

5-9 

•01429 

4^9 

+   0-9 

57 

308 

6 

5*7 

•01530 

4-7 

^   1-3 

8 

219 

4 

4-3 

•01640 

3-6 

j         -    0^4       ; 

9 

169 

2 

3-6 

•01759 

30 

'     +  10   ; 

60 

148 

2 

3-4 

•01889 

,       2^8 

+   0-8     ' 

1 

149 

1 

3-6 

•02030 

i       30 

+   2-0 

62 

142 

7 

3-7 

•02183 

31 

-  39 

3 

68 

5 

1-9 

•02352 

16 

-  34 

4 

43 

1 

1-3 

•02535 

11 

+   01 

65 

30 

1 

10 

•02740 

0-8 

-  0^2 

6 

23 

1 

0-8 

•02965 

0-7 

-  03 

Totals 

71244 

399 

462-1 

3850 

-140 

1921.] 
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Table  XI  (d). 
(AMP)^"^  Select  Table.     Year  3  to  4. 


Ape 

W+3 

1 

Original  Dat\ 

(AMP)5ii5) 

Ultimate 

Expected 

Deaths 

Select  Graduated  Table 

At  Risk 

Acfial 
Deaths 

?[j:]+3 

Expected 
Deaths 

Deviation 

18 

226 

. .  .* 

0-9 

•00334 

08 

+    0-8 

9 

353 

1 

1-4 

•00337 

12 

+   0-2 

20 

566 

1 

2-2 

•00340 

1-9 

+    0^9 

]         1 

746 

30 

•00344 

2^6 

+    2^6 

2 

942 

2 

3-8 

•00348 

3-3 

+   1-3 

'      23 

1306 

12 

5-3 

•00352 

4-6 

-  7-4 

'•         4 

1725 

7 

71 

•00357 

61 

-  0-9 

i       25 

1875 

4 

7-9 

•00363 

6^8 

+   2^8 

I         6 

2060 

13 

8-8 

•00369 

7^6 

-  54 

1         7 

2354 

10 

10-2 

•00375 

8^8 

-   12 

28 

2588 

9 

11-5 

•00383 

9-9 

+   0^9 

!         9 

2690 

12 

12-2 

•00392 

10^5 

-   1^5 

i       30 

2834 

7 

13-3 

•00404 

114 

+   4^4 

!           1 

2899 

10 

140 

•00418 

121 

+   21 

;         2 

2907 

i         ^- 

14-6 

•00433 

126 

+   0^6 

33 

3129 

16 

16-4 

•00452 

141 

-   19 

^ 

2907 

8 

15-9 

•00473 

13-8 

+   5-8 

i       35 

2826 

18 

16-2 

•00494 

140 

-   4^0 

;       6 

2710 

18 

16-2 

•00515 

14^0 

-   4^0 

1         " 

2543 

8 

15-8 

•00538 

137 

f   5-7 

38 

2485 

14 

161 

•00560 

13-9 

-  01 

9 

2299 

13 

15-5 

•00582 

133 

+   0-3 

i       40 

2101 

9 

14-7 

•00605 

127 

+   3^7 

!     1 

2047 

13 

15-0 

•00631 

12-9 

-  01 

2 

1820 

14 

13-9 

•00659 

120 

-  2^0 

43 

1873 

13 

14-9 

•00689 

12-9 

-  01 

,         4 

1535 

15 

12-8 

•00722 

111 

-  39 

1       45 

1283 

7 

11-3 

•00759 

9^7 

+   2^7 

(         6 

1213 

13 

11-2 

•00798 

9^7 

-  33 

!         7 

1117 

13 

10-9 

•00842 

9^4 

-  36 

i       48 

1106 

G 

11-4 

•00889 

9^8 

+   3-8 

9 

888 

10 

9-7 

•00943 

8^3 

-   17 

50 

767 

1 

8-9 

•01000 

7-7 

+   6^7 

1 

709 

2 

8-7 

•01064 

75 

+   5^5 

i         2 

675 

6 

8-9 

•01134 

7^7 

+   1-7 

53 

651 

4 

91 

•01211 

7-9 

+   39 

4 

516 

4 

7-7 

•01294 

67 

-f   2-7 

55 

412 

6-6 

•01384 

5^7 

+   0^7 

6 

353 

7 

6-1 

•01480 

5-2 

-   1-8 

7 

329 

3 

60 

•01585 

5^2 

+   2-2 

58 

286 

7 

5-6 

•01699 

4^8 

-  22 

9 

205 

0 

4-3 

•01822 

3-7 

-  23 

60 

158 

3-6 

•01957 

31 

+   31 

!       1 

141 

5 

3-4 

•02103 

3-0 

-  2^0 

2 

136 

4 

3-6 

•02261 

31 

-  0^9 

63 

123 

3 

3-5 

•02437     '■ 

30 

-  0^0 

4 

58 

3 

1-8 

•02626     1 

15 

-   1-5 

65 

38 

1-2 

•02839 

11 

+   11 

6 

29 

1 

10 

•03072' 

0-9 

-  01 

7 

22 

1 

0-8 

•03333 

07 

-  03 

Totals 

65561 

370 

444-9 

3840 

+  14^0 
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Table  XI  (e). 
(AMP)'-*''  Select  Table.     Year  4  to  5. 


[April 


Obiginai 

Data 

Selkct  Graduated  Table     1 

"Age 
[x]  +  4 

(AMP)-"*''-'' 

At  Risk 

Actual 
Deaths 

y^n  .11  I  f                   

Ultimate 

Expected 

Deaths 

?W+4 

Expected 
Deaths 

Deviation 

19 

185 

1 

0-7 

00341 

0-6 

-  0-4 

20 

317 

1-2 

(J0345 

11 

+  1-1 

1 

498 

2 

2-0 

00349 

1-7 

-  0-3 

2 

651 

1 

2-6 

00353 

2-3 

+  1-3 

3 

864 

4 

3-5 

00357 

31 

-  0-9 

24 

1194 

5 

4-9 

00362 

43 

-  0-7 

25 

1577 

9 

6-6 

00367 

5-8 

-  3-2 

6 

1683 

6 

7-2 

00374 

6-3 

+  0-3 

7 

1884 

7 

8-2 

00381 

7-2 

+  0-2 

8 

2142 

7 

9-5 

00388 

8-3 

+  1-3 

1   29 

2380 

11 

10-8 

00397 

9-4 

-  1-6 

30 

2449 

15 

11-5 

00409 

10-0 

-  5-0 

1 

2586 

14 

12-5 

00423 

10-9 

-  31 

2 

2661 

14 

13-4 

00439 

11-7 

-  2-3 

3 

2688 

17 

141 

00458 

12-3 

-  4-7 

34 

2846 

17 

15-6 

00479 

13-6 

-  3-4 

35 

2650 

13 

15-2 

00500 

13-3 

+  0-3 

6 

2619 

9 

15-6 

00522 

13-7 

+  4-7 

1    "7 

2494 

13 

15-5 

00545 

13-6 

+  0-6  i 

i    8 

2339 

13 

15-2 

00568 

13-3 

+  0-3 

39 

2279 

10 

15-4 

00590 

13-4 

+  3-4 

-   40 

2104 

20 

14-7 

00613 

12-9 

-  71 

!    1 

1944 

9 

14-2 

00640 

12-4 

1-  3-4 

'    2 

1896 

10 

14-5 

00668 

12-7 

+  2-7 

3 

1668 

10 

13-3 

00698 

11-6 

+  1-6 

44 

1731 

16 

14-5 

00731 

12-7 

-  3-3 

45 

1410 

^.0 

12-4 

00769 

10-8 

+  0-8 

,    6 

1191 

8 

110 

00808 

9-6 

+  1-6 

7 

1110 

8 

10-8 

00853 

9-5 

+  1-5 

1    8 

1020 

7 

10-5 

00901 

9-2 

+  2-2 

'   49 

1011 

9 

110 

00955 

9-7 

+  0-7 

50 

831 

7 

9-6 

01014 

8-4 

+  1-4 

1 

714 

8-8 

01079 

7-7 

+  0-7 

2 

659 

3 

8-7 

01150 

7-6 

+  4-6 

3 

621 

7 

8-7 

01227 

7-6 

+  0-6 

:   54 

601 

6 

90 

01311 

7-9 

+  1-9 

55 

484 

3 

7-8 

01402 

6-8 

+  3-8  ' 

6 

391 

6 

6-7 

01500 

5-9 

-  01 

7 

327 

5 

60 

01606 

5-3 

+  0-3 

8 

309 

9 

6-1 

01722 

5-3 

-  3-7 

59 

256 

3 

5-4 

01847 

4-7 

+  1-7 

60 

181 

4 

41 

01983 

3-6 

-  0-4 

1 

144 

6 

3-5 

02132 

31 

-  2-9 

'    2 

123 

1 

3-2 

02292 

2-8 

+  1-8 

3 

126 

4 

3-6 

02470 

31 

-  0-9  ' 

64 

111 

3 

3-4 

02662 

30 

4-  0-0 

65 

49 

2 

1-6 

02877 

1-4 

-  0-6 

6 

38 

2 

1-4 

03114 

1-2 

-  0-8 

7 

24 

1 

0-9 

03378 

0-8 

-  0-2 

8 

21 

0-9 

03676 

0-8 

+  0-8 

Totals 

60081 

374 

427-5 

374-0 

Nil. 
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Table  XII  (a). 
(AMP)'^'^  Select  Table.     Summm-y  in  Age  Grmips.     Year  0  to  \. 


Entry 

Ages 

1 

Attained 
Ages 

Original  Data 

(AMP)^'I3' 

Ultimate 

Expected 

Deaths 

Select  Graduated 
Table 

.     „.  ,            Actual 
At  Ri  k            Deaths 

Expected 
Deaths 

Deviation 

.   15  to  19 

15  to   19 

4773             10 

18-4 

11-7 

+    1-7    ■ 

20   „    24 

20    „    24 

15476              46 

62-6 

39-6 

-  6-4 

25    „    29 

25    „    29 

21603              64 

94-3 

59-8 

-  4-2 

30   „    34 

30    „    34 

20746             73 

104-3 

66-1 

-   6-9 

35    „    39 

35    „    39 

15521              57 

961 

60-8 

+   3-8 

40    „    44 

40    „    44 

9931              54 

75-2 

47-7 

-   6-3 

45    „    49 

45    „    49 

5581              24 

53-8 

34-1 

+  10-1    : 

50    „    54 

50    „    54 

2963             21 

38-3 

24-3 

+   3-3    f 

55    „    59 

55    ,,    59 

1228             10 

221 

141 

+   41 

60    „    64 

1 

60    „    64 

378               5 

9-3 

5-8 

+   0-8 

Totals 

98200            364 

574-4 

364-0 

+  23-8 
-23-8 

T 

ABLE   XII    (b).       Yt 

'a/-  1  to  2 

I  15  to  19 

16  to  20 

3606              13 

141 

10-9 

-  21 

!  20    „    24 

21    „    25 

11316              33 

46-5 

36-0 

+   3-0    1 

25   „   29 

26    „    30 

16659              68 

74-4 

57-8 

-10-2 

30   „   34 

31    „    35 

16615     i         71 

87-0 

67-6 

-  3-4 

35   „   39 

36    „    40 

12650     '         53 

81-6 

63-3 

+  10-3 

i  40   „    44 

41    „    45 

8262              57 

65-4 

50-8 

-   6-2 

1  45    „    49 

46    „    50 

4793             30 

48-9 

38-1 

+   8-1 

!  50    „    54 

51    ,,    55 

2579             26 

35-5 

27-6 

+   1-6 

1  55    ,,    59 

56    „    60 

1071             15 

20-7 

161 

+    11    ! 

60    „    64 

61    „    65 

332               9 

8-8 

6-8 

-  2-2 

Totals 

77883           375 

482-9 

375-0 

+  241 
-24-1 

1 
1 

Ta 

BLE  XII   (c).      Yea 

;■  2  to  3. 

15  to  19 

17  to  21 

3236             10 

12-7 

10-6 

+   0-6 

20    „    24 

22    „    26 

10220             32 

42-5 

35-4 

+   3-4 

25    „    29 

27    „    31 

15147 

68 

69-4 

57-8 

-10-2 

1  30    „    34 

32    „    36 

15224 

64 

83-2 

69-3 

+   5-3 

35    „    39 

37    „    41 

11653 

70 

78-4 

65-3 

-  4-7 

40    „    44 

42    „    46 

7600 

50 

63-1 

52-6 

+    2-6 

45    „    49 

47    „    51 

4458 

46 

48-2 

40-2 

-   5-8 

50    „    54 

52    „    56 

2407 

29 

35-3 

29-4 

+    0-4    1 

!  55    „    59 

57    „    61 

993 

15 

20-6 

17-1 

+   2-1    1 

60    „    64 

62    „    66 

306 

15 

8-7 

7-3 

-   7-7 

Totals 

71244 

399 

462-1 

385-0 

+  14-4 
-28-4 
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[April 


Table  XII  (d). 
(AMP)^^'^  Select  Tabic.     Summary  in  Age  Groups.     Year  3  to  4. 


Entry 
Ages 

Attained 

Ages 

Original  Data 

Ultimate 

ExiicH^ted 

Deatlis 

Select  Graduated 
Table 

At  Risk 

Actual 
Deaths 

Evperted 
Deaths 

Deviation 

15  to  19 

18  to  22 

2833 

4 

11-3 

9-8 

+    5-8 

20    „    24 

23    „   27 

9320 

46 

39-3 

33-9 

-12-1 

25    „    29 

28    „   32 

13918 

50 

65-6 

56-5 

+   6-5 

30   „   34 

33    „   37 

14115 

68 

80-5 

69-6 

+    1-6 

35    „   39 

38   „   42 

10752 

63 

75-2 

64-8 

+    1-8 

40    „    44 

43    „   47 

7021 

61 

611 

52-8 

-   8-2 

45    „    49 

48    „    52 

4145 

25 

47-6 

41-0 

+  16-0 

50    „    54 

53    „    57 

2261 

23 

35-5 

30-7 

+   7-7 

55    „    59 

58    „    62 

926 

22 

20-5 

17-7 

-  4-3 

60    „    64 

63    „    67 

270 

8 

8-3 

7-2 

-  0-8 

Totals 

65561 

370 

444-9 

384-0 

+  39-4 
-25-4 

T 

ABLE   XII    (e).      Yt 

',ar  4  to  5. 

15  to  19 

19  to  23 

2515 

8 

100 

8-8 

+   0-8 

20    „    24 

24    „    28 

8480 

34 

36-4 

31-9 

-  21 

25    „    29 

29   „   33 

12764 

71 

62-3 

54-3 

-16-7 

30   „    34 

34   „   38 

12948 

65 

77-1 

67-5 

+   2-5 

35    „   39 

39    „   43 

9891 

59 

721 

63-0 

+   4-0 

40    „    44 

44    „    48 

6462 

49 

59-2 

51-8 

+  2-8  : 

45   „   49 

49    „   53 

3836 

33 

46-8 

41-0 

+   8-0 

50    „    54 

54    „    58 

2112 

29 

35-6 

31-2 

+  2-2  r 

55   „   59 

59    „    63 

830 

18 

19-8 

17-3 

-     0-7       : 

60   „   64 

64    „    68 

243 

8 

8-2 

7-2 

-  0-8    , 

Totals 

60081 

374 

427-5 

374-0 

+  20-3 
-20-3 

Tai 

5LE   XII    (f).      All 

Years  0  to 

5. 

15  to  19 

15  to  23 

16963 

45 

66-5 

51-8 

+   6-8 

20    „    24 

20   „   28 

54812 

191 

227-3 

176-8 

-14-2 

25    „    29 

25    „   33 

80091 

321 

366-0 

286-2 

-34-8 

30   „    34 

30   „   38 

79648 

341 

4321 

340-1 

-  0-9 

35   „   39 

35   „   43 

60467            302 

403-4 

317-2 

+  15-2 

40    „    44 

40   „    48 

39276           271 

3240 

255-7 

-15-3 

45    „    49 

45    „    53 

22813 

158 

245-3 

194-4 

+  36-4 

50    „    54 

50    „    58 

12322 

128 

180-2 

143-2 

+  15-2 

55    „    59 

55    „    63 

5048 

80 

103-7 

82-3 

+   2-3 

60    „    64 

60    „    68 

1529 

45 

43-3 

34-3 

-10-7 

Totals 

372969         1882 

2391-8 

1882-0 

+  75-9 
-75-9 
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Abstract  of  the  Discussion. 

Mr.  C.  W.  KEXCHIXGTON  said  that  the  paper  exemplified  the 
scientific  spirit  of  enquiry  which  had  on  so  many  former  occasions 
led  the  author  to  valuable  discoveries.  Mr.  King  had  found  that 
the  Nurses'  experience  produced  peculiar  results,  and  he  had  spared 
no  trouble  to  ascertain  the  real  cause.  His  method  of  attacking 
the  problem  was  eminently  practical.  In  Mr.  King's  view  simplicit}^ 
was  of  primary  importance.  Elaboration  of  detail  was  quite 
secondary.  The  public  spirit  of  the  author  in  communicating  his- 
investigations  to  the  Institute  deserved  their  acknowledgments. 

He  thought  that  Ish.  King  must  have  felt  some  disappointment 
when  he  found  that  he  had  been  forestalled  in  point  of  time  by 
the  authors  of  the  Japanese  Tables.  But  it  was  probable  that  if  he 
had  been  aware  of  the  use  of  the  method  in  the  construction  of  the 
Japanese  Tables,  he  would  have  adopted  it  for  the  Nurses'  experience 
and  would  not  have  troubled  to  go  any  further  in  submitting 
the  results  of  his  investigation  to  the  Institute.  It  was,  therefore, 
not  altogether  to  be  regretted  that  Mr.  King  had  overlooked  the 
fact  of  the  method  having  been  used  before. 

^Ir.  King  had  referred  to  the  complicated  methods  which  formerlv 
had  been  used  for  the  construction  of  Select  Tables.  So  far  from 
being  complicated,  the  new  method  could  be  described  upon  the 
proverbial  half-sheet  of  notepaper.  The  method  was  not  advocated 
by  Mr.  King  as  invariably  applicable.  He  expressed  the  hope  that 
it  would  prove  useful  to  others,  and  that  it  would  be  found  to  give 
results  sufficiently  accurate  for  all  ordinary  purposes  ;  and  he 
stated  that  the  applicability  of  the  method  had  to  be  ascertained. 
In  that  connection  he  (the  speaker)  might  quote  the  following 
passage  from  the  review  in  the  Journal  of  the  Japanese  Offices' 
Tables  :  "  It  necessarily  follows  from  the  way  in  which  the  ratios 
"  were  obtained  that  the  total  expected  and  actual  deaths  in  each 
"  year  of  duration  are  in  substantial  agreement.  The  deviations 
"  in  each  year  of  duration  are  also  fairly  evenly  spread  as  positive 
"  and  negative  cpiantities,  but  an  extended  comparison  over  the 
'■  first  four  years  shows  that  the  rate  of  mortality  is  too  heavily 
"  weighted  at  the  early  entry  ages,  20  to  34,  whilst  for  the  group  of 
"  entry  ages,  3-5  to  39,  the  expected  deaths  (1,194-5)  are  in  defect 
"  of  the  actual  (1,319)  by  no  less  than  124-5.  AVhile,  therefore,  the 
"  method  was  extremely  simple  to  apply,  and  doubtless  gave 
"  sufficiently  good  results  for  practical  use,  it  cannot  be  said  to 
"  have  satisfactorily  met  all  the  requirements  of  a  good  graduation." 

Mr.  King,  in  investigating  the  applicability  of  the  method,  made 
use  of  the  O-^^^^^  Table  as  the  ultimate  table  for  the  purpose  of 
examining  the  0^-^^^  data  for  the  first  five  years  of  assurance.  He 
thought  that  the  0-^^^^^  Table  was  not  quite  suitable  for  the  purpose. 
It  was  clear,  from  the  ratios  Mr.  King  gave,  and  as  Mr.  King  himself 
pointed  out,  that  selection  had  not  worn  off  at  the  end  of  five  years, 
and  the  necessary  balancing  of  the  first  five  years  with  the  second 
five  years  of  assurance  was  therefore  lost  sight  of  in  the  investigation 
which  Mr.  King  had  made.     At  the  same  time  he  (the  speaker) 
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thought  that  the  0^^^  Tables,  as  graduated  by  Sir  George  Hardy, 
provided  a  useful  means  of  showing  that  Mr.  King's  method  really 
gave  a  very  close  approximation  to  the  official  graduation.  He 
had  prepared  the  following  table,  showing  in  columnar  form, 
according   to  duration    of  assurance,  the  ratios  of  qix\^n  to  qx+n,: 

O^'^^'  Official  Graduation.     Baiio  of  q[x]+n  to  qx+n- 


n 

X 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

20 

•393 

■652 

•743 

•7^8 

•826 

•860 

•892 

•924 

•956 

■985 

30 

•412 

•650 

•736 

■786 

•824 

•861 

•894 

•926 

•957 

•986 

40 

•4U 

•646 

•728 

•780 

•822 

•861 

•898 

•930 

•960 

•988 

50 

•483 

■640 

•719 

•774 

•821 

•863 

•900 

•934 

•962 

•989 

60 

•516 

•638 

•712 

•771 

•821 

•865 

•903 

•936 

■965 

•989 

70 

•538 

•640 

•712 

•772 

•824 

■868 

•906 

•939 

•967 

•990 

Maximum  variation  in  Ratios. 
Cliaracter  of  progression  according  to  age  indicated  as  follows  :  Increasing,  I;  Decreasing,  D. 


•145 
I 


•014 

•031 

•017 

•005 

'008 

•014 

■015 

D 

1> 

D 

D 

1 

I 

I 

1 

■Oil 

I 


■005 
I 


From  this  table  it  appeared  that,  with  the  exception  of  year  of 
assurance  0,  there  was  a  very  close  approximation  to  constancy  in 
the  ratios  treated  as  a  function  of  age,  thereby  showing  that  the 
official  graduation  did  not  differ  appreciably  from  that  now  suggested 
by  Mr.  King. 

He  had  tested  other  tables  and  had  found  that  the  ratios  showed 
very  similar  progression.  For  instance,  in  the  Government  Annuity 
Experience,  1910,  which  Mr.  King  himself  quoted,  the  ratios 
approached  constancy,  as  a  function  of  the  age,  almost  for  the  whole 
of  the  first  five  years  of  assurance.  But  while  that  might  be 
sufficient  testimony  to  the  value  of  the  method,  it  did  not  follow 
that  one  would  be  successful  in  obtaining  the  most  appropriate 
ratios  in  the  absence  of  detailed  work  upon  the  graduation.  There- 
fore, it  seemed  to  him  that  ]\Ir.  King's  method  was  one  which 
furnished  a  very  valuable  means  of  making  a  first  investigation. 

One  of  the  first  problems  that  confronted  the  actuary  in  the 
construction  of  Select  Tables  was  to  determine  the  number  of  years 
to  be  excluded  in  the  construction  of  the  Ultimate  Table.  In 
existing  Select  Tables  the  number  of  years  excluded  had  been 
arrived  at  by  somewhat  arbitrarv  means.  The  five  vears'  exclusion 
of  the  H^-^' Table,  the  five  years'  of  the  OL-^^'^Ij  Table  and  the  ten 
years'  of  the  0^^'^  Table,  all  appeared  to  be  somewhat  arbitrary. 
The  method  suggested  by  Mr.  King  would  help  in  obtaining  the 


1921.] 


Select  Murtality  Tables. 


J33 


best  approximation  to  the  number  of  years  to  be  excluded.  Suppose 
they  had  an  entirely  new  experience  ;  it  might  be  determined  in 
the  first  instance  that  they  would  exclude  ten  years  as  being  the 
utmost  limit  of  practical  tabulation  to  which  they  would  be  prepared 
to  go.  Then,  having  obtained  a  comparatively  satisfactory  Ultimate 
Table  of  mortality,  they  would,  with  that,  calculate  the  expected 
deaths  for  each  year  of  assurance,  and,  after  having  obtained  the 
ratios  of  the  actual  to  the  expected,  they  would  be  able  to  ascertain 
at  what  shorter  interval  than  the  ten  years  it  would  be  feasible  to 
assume  that  the  effect  of  selection  had  worn  off.  It  would  not, 
however,  for  that  purpose  be  necessary  to  go  to  quite  the  amount 
of  trouble  that  Mr.  King  had  done  in  working  out  his  expected 
deaths.  A  year  ago  Mr.  Henry  had  submitted  a  method  of  approxi- 
mate valuation,  depending  for  its  application  on  the  calculation 
of  constants  and  the  multiplying  of  a  first  and  second  summation 
by  those  constants.  With  certain  limitations  as  to  range  the  method 
was  equally  applicable  to  functions  not  involving  the  rate  of  interest 
and  could  quite  readily  be  used  in  the  calculation  of  expected  deaths. 
In  order  to  illustrate  the  shortening  of  the  work  rendered  possible 
by  the  method,  he  had  had  the  expected  deaths  for  the  0^-^^  data 
for  the  first  ten  years  of  assiurance  calculated  by  constants  derived 
from  the  O^-^^]  Ultimate  Table.  The  whole  of  the  work  involved  had 
been  done  with  the  aid  of  listing  and  tabulating  machines  in  some- 
thing less  than  four  hoiu-s.  Having  used  the  method  extensively, 
he  should  himself  have  been  quite  content  to  employ  it  for 
the  purpose  in  c[uestion  without  making  any  test  whatsoever  as 
to  the  accuracy  of  the  approximation,  but  as  he  intended  to  mention 
the  matter  before  the  Institute  that  evening  he  had  had  a  test 
made  by  calculating  the  exact  expected  deaths  age  by  age,  using 
the  Qx?,  from  the  Ultimate  Table.  The  resulting  figures  were  as 
follows  : 

Expected  Deaths  O'^^'  Daia.      Year  of  Assurance  5. 


Ages  attained 

Approximate                 Actual 

20-34 
35-49 
50-64 

1016-0                  1016-0 
1909-6         j         1910-0 
1030-8         '         ]  035-2 

He  suggested,  therefore,  that  the  use  of  the  approximate  method 
would  help  very  materially  in  the  application  of  Mr.  King's  method. 
He  would  not  enter  into  a  description  of  the  approximate  method 
at  the  moment,  as  there  might  be  an  opportunity  of  developing  it 
at  greater  length  before  the  close  of  the  present  session. 

The  next  point  to  which  he  would  refer  was  that  of  the  pro- 
gression of  the  ratios  according  to  the  duration  of  assurance.  The 
ratios  first  obtained  would  not  necessarily  be  the  most  suitable 
for  adoption.  Mr.  King  had  found  it  necessary  himself,  in  both 
the  Murses'  experience  and  the  Australian  Mutual  Provident 
experience,  to  vary  the  ratios.  If  Mr.  King  had  taken  out  ratios 
for  the  whole  of  the  ten  years  of  assurance  of  the  British  Offices 
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Select  Tables,  lie  would  probably  have  agreed  that  in  that  experience 
also  it  was  necessary  to  vary  the  ratios  in  order  to  ensure  the  degree 
of  smoothness  desirable  in  a  standard  table.  This  smoothness,  he 
thought,  could  best  be  obtained  by  graduating  the  actual  deaths 
and  not  the  ratios,  because  if  the  ratios  were  graduated  they  would  not 
obtain  equality  between  the  expected  and  the  actual  deaths,  whereas 
if  the  actual  deaths  were  graduated  on  the  assumption,  for  instance, 
that  they  could  be  represented  by  such  a  function  as  a  +  b.v  +  cc'  +  dx^, 
they  would  obtain,  over  the  whole  duration  of  assurance  in  which 
they  were  analysing  selection,  exact  equality  between  actual  and 
expected  deaths.  He  had  graduated  the  0-^^^  Table  in  this  way, 
and  the  ratios  were  found  to  represent  the  original  facts  satisfactorily 
except  for  year  of  assurance  0.*  For  year  of  assurance  0,  in  order 
to  give  the  rates  of  mortality  with  any  approach  to  representation 
of  the  original  data,  it  was  necessary  to  assume  that  q[x]  was  of  the 
form  m  +  nqx,  the  constant  m  being  a  negative  quantity.  It  might 
be  mentioned  that  the  ratios  increased  with  age  for  years  of  assurance 
0  to  4,  but  decreased  with  age  for  years  of  assurance  5  to  9.  It 
seemed  rather  peculiar  that  the  progression  of  the  ratios  was,  as 
Mr.  King  had  stated,  exactly  the  reverse  of  that  shown  by  Sir  George 
Hardv's  graduation  of  the  experience.  He  had  calculated  for 
decennial  ages  at  entry  the  values  of  q[x]~n  for  the  whole  of  the  ten 
years  in  which  selection  was  analysed,  and  had  computed  the  3 
per-cent  annuity-values.  The  differences  between  the  values  so 
obtained  and  the  official  values  were  never  great,  being  +  -002  at 
age  20  at  entry,  +  -001  at  age  30,  -  -001  at  age  40,  -  -006  at  age  50, 
and  --Oil  at  age  60.  Those  difi'erences  in  annuity-values,  he 
ventured  to  think,  were  so  small  that  one  was  led  to  the  conclusion 
that,  at  any  rate  for  most  practical  purposes,  so  far  as  the  British 
Offices  experience  was  concerned,  a  graduation  by  Mr.  King's 
method  would  have  led  to  almost  identical  results  with  those  brought 
out  by  the  much  more  elaborate  process  of  Sir  George  Hardv. 

Mr.  G.  J.  LIDSTONE  wrote  as  follows  : 

It  is  gratif}'ing  to  me  that  Mr.  King,  in  his  present  valuable 
communication,  endorses  the  method  of  graduating  a  small  experience 
by  reference  to  a  standard  table,  to  which  method  I  drew  attention 
in  one  of  the  earliest  of  my  own  papers.  Further  experience  has 
confirmed  my  view  that  this  is  the  proper  method  to  adopt  when 
(as  Mr.  Todiiunter  remarked — J.I.  A.,  vol.  xxxvii,  p.  520)  "the 
"  most  (the  data)  did  was  to  indicate  the  general  nature  of  the 

"  mortality  under  that  particular  class That  being  so,  the 

"  obvious  course  was  to  go  to  some  other  source  of  information  in 
"  regard  to  the  progression  of  the  rate  of  mortality,  to  find  some 
"  suitable  standard  by  which  to  test  the  mortality  under  that  class." 
In  his  application  of  the  method  to  the  AMP(^)  experience,  ^Ir.  King 
reverts  to  Griffith  Davies'  method  of  ratios  {q  x  ■  Qx)  and  rejects  the 
new  process  which  I  suggested  for  reasons  given  in  my  paper.  Had 
he  tried  that  process  he  would  have  found  it  particularly  applicable 

*  The  detailed  results  of  the  graduation  have  bceu  left  with  the  Assistant- 
Secretary  of  tlie  Institute,  in  order  that  they  may  be  inspected  by  anyone 
interested. — Eds. 
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to  the  case  in  hand,  for  the  ungraduated  curve  of  rj  =  logp  j.  -  logp^; 
would  have  indicated  that  it  could  suitably  be  graduated  in  the 
form  i\  =  a->r(i(f  and  hence"^  (as  shown  in  my  paper)  that  the 
graduated  values  of  cologp^  or  fi^  could  be  represented  by  a  change 
in  the  ^Makeham  constants  A  and  B — or,  in  other  words,  that  the 
experience  could  be  graduated  by  a  Makeham  curve  having  the 
same  value  of  c  as  in  the  standard  table.  A  change  in  A  and  B  is 
equivalent  to  expressing  the  graduated  values  of  colog  p  or  pt  in 
the  form  K  x  (standard  value)  +  L.  This  method  of  variation  by  a 
constant  and  a  percentage  can  be  extended  to  the  case  in  which 
the  standard  table  does  not  follow  Makeham's  law,  and  it  can  be 
applied  equally  well  to  ^x  \f'f-  Hardy's  Lectures,  p.  35,  footnote, 
where  a  similar  method  is  suggested  for  the  adjustment  of  a  gradua- 
tion otherwise  determined].  In  this  way  we  have  two  constants 
at  our  disposal,  and  these  can  be  found  in  any  convenient  way 
[e.g.,  moments,  aggregate  method  or  least  squares).  In  the  case 
of  the  AMP(^)  experience,  I  find  by  a  short  and  rough  method — 
which  could  certainly  be  improved — that  the  AMP^^^  experience  can 
be  adequately  represented  in  the  form 

?f"''  =  gr''Vl-2- -00135 

This,  of  course,  gives  perfectly  smooth  graduated  values,  and  the 
following  comparison  of  actual  and  expected  deaths  seems  to  show 
that  the  graduation  is  satisfactory.  The  deviation  in  the  abnormal 
group,  55-59,  namely,  +  59,  is  remarkably  close  to  Mr.  King's  figure, 
+  55  ;  and  the  two  graduations  differ  principally  in  the  way  in  which 
the  obvious  shortage  of  deaths  in  that  group  is  spread  over  the 
remaining  groups. 


Attained 

At 

A<-tual 

Expected 

Deviation 

Expected    j 

Ages 

Risk 

Lieaths 

Deaths 

Deviationt 

20-24 

4,267 

17 

18 

+      1 

3 

25-29 

24,829 

109 

115 

+      6 

9 

30-34 

59,366 

300 

308 

+      8 

14 

35-39 

87,564 

548 

532 

-   16 

18 

40-44 

93,327 

722 

697 

-    25 

21 

45-49 

82,731 

797 

798 

+      1 

23       1 

50-54 

66,313 

871 

867 

-     4 

24 

55-59 

49,649 

853 

912 

+   59 

24 

60-64 

31,568 

846 

835 

-   11 

23 

65-69 

16,534 

659 

644 

-  15 

20. 

70-74 

6,779 

410 

391 

-    19 

16 

75-79 

1,999 

165 

172 

+     7 

10 

80-84 

439 

51 

56 

+      5 

6 

1     85- 

I 

77 

17 

15 

-      2 

3 

1 

525,442 

6,365 

6,360 

±179 

t  By  Hardy's  formula,  -8  ^Expected  Deaths. 

*  Since  )3c^  =  c^-'  (when  t  is  .i  constant  =log  fl/log  c),  a  curve  of  c^  drawn  on 
a  transparent  scale  (say  on  tracin^r-paperj  can  easily  be  shifted  over  the  diagram 
of  Tx,  and  it  can  be  seen  by  inspection  whether  any  pirt  of  the  curve  raised  by  a 
constant  above  our  base-line  will  sufficiently  represent  and  graduate  the  values 
of  r^. —  Cf.  Calderon,  J.I. A.,  vol.  x.^cxv,  pp.  173-5. 
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It  may  be  suggested  that  the  system  of  representing  deviations 
from  the  standard  table  by  means  of  a  constant  and  a  percentage 
instead  of  a  percentage  only  might  very  probably  be  usefully  applied 
in  exhibiting  the  results  of  specialized  mortality  investigations.  If, 
for  example,  in  any  class  of  lives  the  extra  risk  is  found  steadily  to 
increase  or  to  decrease  as  the  age  advances  we  should  evidently 
get  a  better  representation  of  the  special  mortality  by  the  use  of 
the  two  constants  than  by  using  the  percentage  only  ;  and  the 
constants  are  very  easily  found  approximately  as  the  exposed  to 
risk  and  the  expected  deaths  according  to  the  standard  table  will  be 
ascertained. 

As  regards  Mr.  King's  method  of  graduating  the  rates  of 
mortality  during  the  period  of  selection,  I  may  perhaps  be  allowed 
to  say  that  (unknown,  of  course,  to  him)  I  happened  to  use  what  is 
substantially  the  same  method  twelve  years  ago,  when  I  had  occasion 
to  form  select  tables  based  on  the  very  special  experience  of  the 
office  with  which  I  was  then  connected.  The  ultimate  table  was 
graduated  by  Mr.  King's  method  of  osculatory  interpolation  with 
satisfactory  results.  The  experience  being  too  slender  to  enable 
each  year  of  assurance  to  determine  its  own  ratio,  the  ratios 
Q[x]+t  '■  1x+t  were  got  out  according  to  the  0^^^'  Table  and  found  to  be 
practically  independent  of  the  age,  except  for  year  0,  which  was 
specially  dealt  with.  The  ratios  for  age  at  entry  40  were  used  in 
conjrmction  with  the  graduated  ultimate  table  to  find  the  expected 
deaths  during  the  period  of  selection.  The  intention  was  to  use 
the  results  to  obtain  adjusted  values  by  means  of  variation  by  a 
constant  and  percentage,  in  the  way  just  described  ;  but  the  experi- 
ence being  very  slender  the  use  of  the  unmodified  0^-*^^  ratios  was 
found  to  give  sufficiently  good  results.  The  principle  of  variation 
by  a  constant  and  a  percentage  was,  however,  applied  successfully 
to  year  0.  It  was  found  that  while,  in  the  0^-^^^  Table,  the  ratio 
QM'-Q'x'^  steadily  increased  with  the  age,  the  ratio  of  (5'[a;i+ -OOl) 
to  g""  was  practically  constant,  namely,  about  -545  ;  and  that  the 
same  relation  sufficiently  represented  the  connection  between 
qix]  and  gx"  in  the  special  experience.  The  following  table,  giving 
the  ratios  deduced  from  the  0^"^^^  Table,  may  be  of  interest  in 
connection  with  the  foregoing  remarks  : 

Table  shelving  the  value,  aecording  fo  the  0^^^^  Table,  of  the  Ratio 
[•001  +  g[.r]]  :  qx  given  in  the  First  Column  and  q[x]+t  '■  Qx+t  {gii'en  in 
subsequent  columns). 


Years  elapsed  since 

Date  of  Entry 

Age 
at 

Entry 

0 

1 

2 

3 

4 

[ 

5 

6 

7 
•923 

8 

9 

20 

•544 

•653 

•742 

•789 

■826 

•859 

•892 

•954 

•985 

25 

•544 

•652 

•740 

•788 

•825 

•860 

•892 

•924 

•955 

•985 

30 

•544 

•651 

•737 

•786 

•825 

•860 

•893 

•925 

•956 

•985 

35 

•545 

•649 

•734 

•784 

•821. 

•860 

•894 

•926 

•957 

•986 

1     40 

•540 

•616 

•729 

•781 

•823 

•861 

■895 

■928 

•958 

•986 

1     45 

•54fi 

•643 

•7i'4 

•778 

•822 

•862 

■897 

•929 

•959 

•987 

1     50 

•547 

•6U 

•720 

•775 

•822 

■862 

■898 

•931 

•961 

•988 

!     55 

•54S 

•639 

•716 

•773 

•821 

•863 

•900 

•933 

•962 

•988 

60 

•550 

•63S 

•713 

•771 

•821 

•864 

•901 

•934 

•963 

•989 
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In  conclusion,  I  should  like  to  congratulate  my  friend,  Mr.  King, 
on  the  addition  of  another  highly  valuable  and  i^iiportant  paper  to 
the  long  tale  of  those  for  which  the  Institute  is  so  much  indebted 
to  him. 

Mr.  a.  henry  doubted  whether  sufficient  attention  had  been 
given  hitherto  to  the  question  of  select  mortality  in  relation  to 
pension  fund  problems.  Mr.  King's  method  was  a  very  admirable 
one  for  the  purposes  of  life  assurance  experience,  but  it  might  not 
be  entirely  suitable  for  pension  funds,  although  that  was  a  case 
in  which  probably  the  ordinary  actuary  would  want  to  use  it  to 
some  considerable  extent.  He  thought  that  the  method  might 
break  down  since  the  selection  that  occurred  in  the  earlier  years  of 
retirement  in  pension  funds — when  retirement  was  usually  due 
to  ill-health — might  very  probably  be  substantially  different 
from  that  occurring  at  ages  60  or  65 — when  retirement  took  place 
at  the  option  of  the  individual  and  the  question  of  ill-health  only 
entered  to  a  relatively  small  extent.  Possibly  Mr.  King,  if  he  were 
dealing  with  a  case  of  that  kind,  would  advocate  making  a  separate 
investigation  in  regard  to  the  ages  below  60,  or  whatever  the 
retiring  age  would  be.  He  believed  that  would  be  an  essential 
point  to  bear  in  mind  in  the  application  of  the  method. 

From  the  theoretical  point  of  view,  he  thought  that  the  conversion 
of  ratios  for  quinquennial  ages  into  ratios  for  individual  ages  by 
Milne's  method  introduced  an  error  when  the  exposed-to-risk  was 
changing  rapidly.  The  weight  of  the  data  was  lost  sight  of,  and 
though  fairly  correct  results  would  be  obtained  where  the  exposed- 
to-risk  was  constant,  an  error  was  introduced  where  the  exj)osed-to- 
risk  was  increasing,  which  was  counterbalanced  later  on  when  the 
exposed-to-risk  decreased.  But  he  did  not  think  that  a  theoretical 
consideration  of  this  kind,  when  one  came  to  the  practical  application 
of  the  method,  was  of  much  importance. 

There  was  a  point  a  little  outside  the  scope  of  the  paper  on 
which  he  thought  an  opinion  had  never  been  expressed  in  their 
discussions.  It  was  the  point  to  which  3Ir.  King  drew  attention 
when  he  referred  to  the  trouble  that  he  had  had  in  dealing  with  the 
g^'s  at  the  old  ages  of  the  O^^(^)  experience.  ]\Ir.  King  had  found 
there  that  the  theoretical  q'fi  had  been  arbitrarily  adjusted  in  order 
to  make  them  agree  with  the  l'&  which  had  been  cut  down  in  the  life 
table.  That  had  been  done  in  the  new  experience  and  it  had  been 
done  in  other  life  tables.  If  he  might  say  so  without  offence  to 
Mr.  King,  he  thought  Mr.  King  had  done  it  himself  in  the  Text 
Book  table.  His  personal  opinion  was  that  the  q  was  the  original 
basis  of  all  the  tables,  and  he  did  not  think  it  should  be  tampered 
with  in  any  way.  In  his  view  the  I  was  purely  an  auxiliary  function 
and  it  seemed  quite  inconsistent  that  one  should  get  different  results 
for  the  q  according  as  one  used  100,000  or  10,000  as  the  radix.  In 
connection  with  the  commutation  columns  the  same  question 
arose  ;  the  values  began  to  decrease,  and  one  had  to  consider  the 
point  at  which  one  should  begin  to  cut  down.  He  thought  the 
cutting  down  should  be  done  with  reference  to  the  degree  of  accuracy 
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required  in  the  final  figures.  If  the  figures  were  not  cut  down  at 
the  10,000's,  then  in  passing  from  the  10,000's  to  the  9,000's  an  extra 
decimal  was  sometimes  put  in  to  get  greater  accuracy.  It  ought 
to  be  done  not  at  that  stage  but  halfway  down,  at  the  5,000's. 
He  mentioned  these  points  in  the  hope  that  at  some  time  or  other 
the  members  would  give  a  considered  view  on  them.  Perhaps  the 
next  editor  of  the  Text  Book  might  incorporate  something  about 
them. 

He  had  been  very  gratified  to  hear  from  Mr.  Kenchington  that 
the  few  suggestions  which  he  (the  speaker)  had  thrown  out  in  regard 
to  approximate  valuations  had  borne  some  sort  of  fruit.  But 
he  might  add,  if  it  did  not  sound  egotistical  to  say  so,  that  he  was 
not  surprised  that  Mr.  Kenchington  had  found  them  of  value  in 
other  ways,  because,  although  he  had  made  the  suggestion  originally 
for  the  pm'pose  of  an  ordinary  valuation,  the  principle  of  the  method 
could  equally  well  be  appHed  to  the  calculation  of  expected  deaths, 
expected  death  strain  or  any  other  function  of  that  description. 

Mk.  AV.  p.  elder TOX  said  that  before  proceeding  to  the  main 
subject  of  the  paper  he  would  refer  to  a  few  incidental  points.  The 
first  was  with  regard  to  the  calculation  of  the  I  column  of  the  0^^ 
Table.  He  was  convinced  that,  whatever  Mr.  King's  view  had 
been  when  the  tables  were  prepared  for  Part  II  of  the  Text  Book, 
the  opinion  he  had  now  come  to  was  right,  and  that  it  was  a  mistake 
to  modify  the  rates  of  mortality  after  they  had  been  fixed.  The 
second  arose  in  connection  with  the  table  in  which  ^Ir.  King  compared 
the  probability  of  dying  within  five  years  by  the  0^^  unadjusted 
data  with  the  probabilities  according  to  his  own  graduation  and 
Sir  George  Hardy's.  It  was  rather  disconcerting  to  find  that  in 
both  graduations  the  probability  of  dying  within  five  years  was 
appreciably  under-stated  at  the  older  ages,  so  that  in  basing  term 
premiums  for  five  years  on  that  probability,  something  Like  4  per-cent 
loading  had  to  be  added  before  one  got  back  to  the  original  data. 
The  only  other  point  was  the  appalling  vitality,  from  the  annuity 
point  of  view,  of  the  nurses.  Their  mortality  had  apparently  been 
only  about  one-half  that  expected  when  the  annuities  were  granted. 

The  method  of  constructing  select  tables  which  Mr.  King  gave 
assumed  in  its  simplest  form  that  the  rates  of  mortality  at  the  date 
of  selection,  or  at  any  subsequent  time  during  the  period  of  selection, 
were  proportionate  to  the  ultimate  mortality,  and,  as  he  understood 
Mr.  King's  application  of  the  method,  Mr.  King  cross-graduated  as 
little  as  possible.  For  simplicity,  there  was  a  great  deal  to  be  said 
for  that.  Mr.  King  suggested,  however,  that  it  might  be  possible 
to  graduate  the  ratios  age  by  age.  He  (the  speaker)  thought  that 
the  difficulty  would  be  to  make  the  graduated  ratios  for  the  select 
period  run  smoothly  into  the  ultimate.  Clearly,  if  one  used  the 
same  ratios  all  the  way  through  it  was  easier  to  make  them  run 
smoothly  than  if  they  varied  from  age  to  age.  Having  graduated 
the  ratios  for  age  0,  they  might  work  on  proportions  instead  of 
actual  differences  in  the  ratios,  and  thus  run  them  into  the  ultimate 
table  satisfactorily.  But  no  method  of  application  that  occurred  to 
him  would  deal  with  one  type  of  selection,  which  he  believed  arose 
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fairly  frequently.  It  had  been  referred  to  by  Mr.  Henry  in  the  case 
of  pension  mortality,  where  there  was  in  a  sense  negative  selection, 
and  its  effect  was  that  it  ran  off  at  different  periods  at  different  ages. 
He  was  not  quite  sure  that  if  the  0^'^^  Table  was  examined  it  woidd 
not  be  found  that  there,  too,  selection  lasted  for  different  periods  at 
different  ages  ;  and  it  was  obviously  diflficult  to  effect  a  smooth 
junction  between  the  select  and  ultimate  parts  of  a  table  when  that 
peculiarity  in  the  selection  occurred.  Except  in  the  case  of  pension 
funds,  he  was  not  quite  sure  that  that  peculiarity  was  real  selection, 
where  selection  was  defined  as  a  factor  introduced  at  the  date  when 
&  contract  was  granted.  He  thought  that  it  might  be  due  in  part  to 
the  withdrawal  of  healthy  lives  or  some  other  extraneous  cause, 
such  as  he  had  suggested  some  years  ago. 

His  general  impressions  in  regard  to  the  method  suggested  in 
the  paper  were  that  it  was  as  accurate  a  method  as  one  could  hope 
to  obtain  at  present  in  many  cases,  and  that  it  could  clearly  be 
extended,  as  Mr.  King  had  indicated,  to  follow  the  more  minute 
variations  of  selection  within  certain  limits  in  those  cases  where  it 
was  necessary  to  refine.  He  thought,  too,  that  the  method  indicated 
the  first  step  that  must  be  taken  in  examining  selection.  It  assumed, 
as  it  were,  a  simple  form,  and  by  examining  deviations  from  that 
form  the  student  would,  he  thought,  learn  far  more  about  selection 
than  by  attempting  brilliant  graduations  by  empirical  methods. 

The  CHAIRMAN  (Sir  Joseph  Burn)  considered  that  a  paper  like 
Mr.  King's  was  of  great  interest  because  it  gave  students  an  actual 
■experience  to  consider.  Mr.  King  had  stated  what  had  happened  in 
a  certain  pension  fund,  and  it  seemed  to  him  very  useful  for  those 
unacquainted  with  such  an  experience  to  examine  the  problem  for 
themselves.  The  problem  was  as  follows  :  There  were  a  large  number 
of  nurses  who  were  going  to  pay  a  certain  contribution  each  year,  and 
who  would  be  entitled,  on  attaining  age  50,  55  or  60,  to  receive  one  of 
two  things — an  annuity  or  a  lump  sum,  the  latter  being  equivalent 
to  all  their  money  back,  with  compound  interest.  What  was  the 
first  question  which  in  practice  would  present  itself  to  actuaries  ? 
The  first  point  which  should  be  considered  was,  he  thought,  what 
amount  of  selection  would  there  be  against  the  fund  ?  He  was  not 
sure  whether  he  had  correctly  understood  Mr.  Elderton's  remarks 
on  that  point,  but  it  seemed  to  him  that  there  was  such  a  selection, 
and  it  was  likely  to  be  more  powerful  than  an}iihing  they  had 
experienced.  He  was  not  surprised  to  see  it  was  even  as  great  as 
shown  in  the  paper,  because  he  would  expect  that  any  nurse  as  young 
as  50  or  55,  who  took  an  annuity,  would  be  very  careful  to  see  that 
she  had  a  good  chance  of  receiving  it  for  a  good  many  years.  What 
would  actually  happen  in  that  pension  fund  was  this — a  large  number 
of  members  would  receive  all  their  contributions  back,  with  compound 
interest,  and  these  lump  sum  claims  at  a  particidar  age  would  really 
take  the  place  of  nearly  all  the  deaths  expected  for  several  years 
after  that  age,  had  the  persons  in  question  taken  pensions  instead 
of  lump  sums.  That  seemed  to  be  borne  out  in  the  figures  which 
were  given  in  the  paper. 
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Mr.  GEORGE  KING,  in  reply,  said  that  tlie  paper  was  not 
meant  to  be  final.  He  ofEered  it  to  the  members  simply  as  an 
instrument  that  would  be  very  effective  in  making  further  investi- 
gations. The  remarks  of  Mr.  Kenchington  showed  that  there  was 
great  promise  in  that  direction.  He  might  say  that  he  himself  was 
trying  to  graduate  the  ratios  age  by  age,  but  it  was  very  difficult. 
It  involved  a  double  graduation,  perpendicular  and  horizontal ; 
and  the  introduction  of  a  varying  factor  or  any  departure  from  a 
perpendicular  graduation  affected  the  horizontal  graduation. 
That  was  a  difficulty,  but  he  did  not  know  that  it  could  not  be  over- 
come. That  remained  to  be  seen.  There  were  two  kinds  of  selection 
as  regards  assured  lives.  There  Avas  first  of  all  the  medical  selection 
in  favour  of  the  oflSce,  and  then  there  was  reason  to  think  there  was. 
an  adverse  selection  through  lapses,  strongest  in  the  earlier  policy- 
years.  Therefore,  although  it  was  almost  an  axiom  that  the  factors 
by  which  one  multiplied  the  ultimate  q  to  get  the  select  q  must  increase 
with  the  duration,  it  was  not  certain  that  this  would  be  the  case  if 
a  long  period  of  selection  were  taken,  because  a  reduction  in  the 
lapse  rate  might  have  the  reverse  effect. 

With  regard  to  the  Chairman's  remarks  as  to  the  selection 
exercised  by  the  nurses,  he  personally  did  not  see  why  the  nurses,  if 
they  took  a  lump  sum,  should  exercise  more  selection  against  the 
Fund  than  a  person  paying  a  lump  sum.  It  seemed  to  him  that  the 
two  processes  were  almost  identical. 

With  regard  to  Mr.  Lidstone's  very  interesting  and  very  useful 
note,  he  should  like  to  give  a  word  of  explanation,  because  he  thought 
in  a  sense  Mr.  Lidstone  had  misunderstood  him,  and  there  might  be 
an  appearance  of  discourtesy  to  Mr.  Lidstone.  Mr.  Lidstone  said 
that  he  (Mr.  King)  had  rejected  his  new  process,  but  he  could  assure 
Mr.  Lidstone  that  he  did  not  reject  it  at  all.  It  was  a  very  admirable 
and  very  useful  process,  but  the  history  of  the  matter  was  as  follows. 
When  he  (Mr.  King)  had  been  trying  to  graduate  the  ninses'  mortality 
he  had  had  the  impression  that  something  had  been  -written  about 
graduation  by  reference.  He  had  not,  however,  looked  up  the 
subject,  but  had  devised  the  method  which  he  adopted  ;  and  he 
had  found  this  method  so  easy  and  so  accurate,  that  it  had  been 
unnecessary  for  him  to  make  any  further  enquiries.  As  a  matter 
of  fact,  the  paragi-aph  in  which  he  referred  to  Griffith  Davies  and 
Mr.  Lidstone,  had  been  inserted  after  the  paper  had  been  written, 
and  it  had  been  inserted  solely  in  order  that  no  one  might  imagine 
that  he  claimed  any  originality  for  graduation  by  reference  to  a^ 
standard  table.  Mr.  Lidstone's  article  had  been  written  nearly 
thirty  years  ago,  and  he  might,  perhaps,  be  forgiven  if  he  had  not 
remembered  the  details  of  it.  He  ventured  to  think,  however,  that 
for  the  purpose  he  had  in  view,  even  in  graduating  the  A]\IP 
Ultimate  Table,  his  (Mr.  King's)  method  had  very  distinct  advan- 
tages. His  paper  was  on  the  construction  of  Select  Tables,  and  not 
on  the  best  possible  construction  of  Ultimate  Tables.  He  had 
become  very  much  interested  in  graduation  by  reference,  and  there- 
fore he  had  tried  it  on  the  Australian  Table,  although  that  was  not 
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a  very  small  experience  ;  and  he  did  not  think  one  could  have  a 
better  proof  of  its  success  than  was  given  by  Mr.  Lidstone — that 
his  (Mr.  Lidstone's)  graduation  by  his  own  method  was  almost 
identical  with  his  (Mr.  King's).  He  submitted  that  his  method  was 
a  very  great  deal  shorter'  than  Mr.  Lidstone's.  He  merely  got  the 
expected  deaths  by  the  Ultimate  Table  and  the  actual  deaths  ;  and 
he  then  got  in  age  groups  the  ratios  between  them,  and  distributed 
the  ratios  into  factors  ;  he  found  that  for  this  purpose  Milne's  graphic 
method  of  graduation  was  a  very  good  one,  because  one  did  not 
need  to  trouble  about  having  equal  age  ranges  in  the  groups.  Then, 
having  got  the  factors,  he  could  check  the  accuracy  of  the  table  at 
once,  without  forming  q^  and  getting  the  final  table,  by  simply 
multiplying  the  factors  into  the  expected  deaths  by  the  Standard 
Table  ;  and  if  he  found  that  the  actual  deaths  were  accurately 
reproduced  then  the  table  was  all  right.  If  he  found,  on  the  other 
hand,  that  they  were  not  properly  reproduced  in  the  different 
portions  of  the  table,  he  could  simply  slightly  alter  the  factors, 
without  any  further  trouble,  instead  of  having  to  deal  with  the 
final  qx's,  and  in  the  end  he  got  a  perfectly  graduated  qx,  fitting 
closely  to  the  original  facts.  Then  there  was  a  further  advantage. 
If  Tables  2  and  8  of  the  paper  were  looked  at,  it  would  be  seen  at 
once,  by  glancing  at  the  factors,  what  proportion,  at  any  age,  the 
mortality,  for  instance,  of  the  Australian  data  bore  to  the  home 
mortality.  He  did  not  think  that  could  be  done  by  Mr.  Lidstone's 
metliod  without  a  much  more  elaborate  process.  One  could  read 
off,  without  any  trouble  at  all,  that,  up  to  a  given  age,  the  Australian 
mortality  was  not  more  than  so-much  per-cent  of  the  home  mortality. 
It  was  worth  noticing  that  really  the  Australian  mortality  was 
probably  better  than  it  appeared  to  be  in  the  paper,  because  there 
was  every  reason  to  think  that  the  rate  of  mortality  throughout 
the  world  had  been  improving,  and  the  Australian  experience  was 
older  than  the  British.  It  ran  from  1849  to  1903,  against  1863  to 
1893  for  the  O-^^^^^  Table.  Probably,  if  one  had  more  recent 
Australian  experience,  it  would  be  found  even  better  than  came  out 
in  his  paper. 


The  Census  of  1921.  Some  Remarks  on  Tabulation.  By  F.  A.  A, 
Menzler,  B.Sc,  F.I. A.,  F.S.S.,  of  the  Government  Actuary's 
Department. 

[Submitted  to  the  Institute,  14  February  1921.] 

Irp^er."'  1.  It  will  be  recalled  that  the  President  remarked 

in  his  recent  Address  that  a  paper  of  modest  scope 
on  the  tabulation  of  the  coming  Census  would  be  welcome  as  a 
means  of  promoting  a  discussion  at  this  Institute.  The  present 
paper  has  accordingly  been  written  in  the  hope  that  it  may 
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serve  to  elicit  suggestions,  for  possible  submission  to  the 
authorities,  as  to  points  in  censal  tabulation  in  which  actuaries 
are  specially  interested.  The  fact  that  important  data  as  to 
ages  of  children  in  relation  to  the  ages  of  parents  will  be  available 
for  the  first  time  as  a  result  of  the  forthcoming  Census  seems  to- 
make  it  specially  ad^dsable  that  the  actuarial  profession  should 
consider  the  subject  of  tabulation  while  there  is  yet  time  to  give 
effect  to  practicable  proposals.  For  this  reason  the  present 
paper  is  confined  to  questions  of  tabulation.  Presumably  there 
will  be  opportunity  later  for  consideration  of  the  many  interesting 
C[uestions  that  arise  upon  the  subjects  of  graduation  and  adjust- 
ment and  M^ith  regard  to  the  National  Life  Tables. 

It  is  proposed,  therefore,  (i)  to  refer  briefly  to  the  House- 
holder's Schedule,  its  limitations,  and  the  changes  that  will  be 
made  in  it  at  the  1921  Census  (pars.  2-7)  ;  (ii)  to  give  an  account 
with  some  criticism  (chiefly  of  Vol.  X)  of  the  1911  tabulation 
(pars.  8-50)  ;  and  (iii)  to  deal  with  the  question  of  the  new  data 
as  to  orphanhood  and  dependency  (pars.  51-54).  The  actuary 
who  is  not  particularly  interested  in  the  descriptive  detail  of  the 
subject  under  (ii)  will  find  criticism  and  suggestions  in  pars.  27-40 
and  45-50.  A  general  \aew  of  the  tabulation  is  given  in  the 
Appendix. 

(i)  The  Householder's  Schedule. 

2.  There  is  of  course  a  very  considerable  hterature 
critlJism  of  the  deahng  with  alleged  defects  in  the  Census  and  indeed 
in  almost  every  branch  of  ofiicial  statistics,  but, 
putting  aside  the  questions  of  imperfect  co-ordination  and 
of  defects  that  are  stated  to  exist  in  the  law  relating  to 
Registration,  it  will  be  found  that  pre\'ious  criticism  of  the 
Census  has  been  chiefly  directed  to  what  are  considered  to  be 
shortcomings  in  the  questions  asked  on  the  Householder's 
Schedule  rather  than  to  the  mode  of  presentation  of  the  censal 
data.  In  any  criticism  that  draws  attention  to  lack  of  infor- 
mation on  any  given  point  in  the  published  Census  volumes  it 
must  clearly  be  remembered  that  the  Registrar-General  can 
only  tabulate  information  that  is  given  on  the  Householder's 
Schedule,  and  the  inabihty  of  the  social  reformer,  or  even  of  the 
actuary,  to  find  an  answer  to  every  statistical  conundrum  -within 
the  massive  volumes  which  enshrine  the  results  for  England  and 
Wales  must  largely  be  ascribed  to  causes  other  than  the  "  official 
inertia  "  to  which  Sir  Gerald  Ryan  refers,  somewhat  cautiously, 
in  his  paper  on  "  The  Case  for  Census  Reform  "  {J. I. A.,  vol. 
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xxxvi).  It  will  be  useful,  therefore,  to  indicate  a  few  of  the 
more  or  less  ine\-itable  limitations  on  the  Householder's  Schedule 
before  proceeding  to  discuss  the  question  of  tabulation. 

3.  There  is  scarcely  any  limit  to  the  number  of 
o™t^*'°°°        questions  for  each  of  which  a  good  case  could  doubtless 

Householder' 8  .  .     ^ 

Schedule.  be  made  out  by  the  enthusiast,  social,  economic  or 

actuarial.  Consanguineous  marriages,  wages  and 
sickness  have  all  been  suggested  as  suitable  additional 
points  for  enquir}^,  but  it  is  obvious  there  are  certain  practical 
limits  to  the  questions  that  can  reasonably  be  asked  if  any 
degree  of  accuracy  in  the  answers  is  to  be  obtained. 

4.  The  first  hmitation  is  imposed  by  pubhc  opinion  which  can 
be  rehed  upon,  mainly  perhaps  through  its  self-elected  inter- 
preters, to  resent  any  question  that  savours  of  the  inquisitorial. 
It  is  only  by  the  gradual  education  of  pubhc  men  and  others  to 
the  necessity  of  adequate  statistics  that  we  have  got  to  the 
present  position  as  regards  questions  on  the  Householder's 
Schedule.  Again,  it  is  of  little  use  to  ask  questions  that  wiU 
invite  prejudiced  answers.  If  a  man  is  asked  what  his  wages 
are  he  will  at  once  scent  the  tax-gatherer.  If  the  answer  to  a 
question  is  felt  to  be  in  any  way  a  reflection  on  the  individual, 
important  anti-social  facts  will  be  concealed  and  the  resulting 
data  will  be  unreliable.  It  is  well-known  that  for  reasons  of 
this  kind  the  statistics  as  to  Infirmity  have  been  quite  un- 
rehable.  Presumably  this  explains  why  the  Infirmity  question  is 
to  be  omitted  in  the  coming  Census. 

There  is  further  the  limitation  imposed  by  our  system  of 
making  the  Householder  responsible  for  completion  of  the 
Schedule,  and  it  seems  clear,  as  the  Registrar-General  says  in 
his  General  Report  on  the  last  Census,  that  we  have  practically 
reached  the  hmit  of  the  questions  that  can  usefully  be  asked 
unless,  as  in  the  United  States,  the  duty  of  completing  the 
Schedule  is  thrown  upon  a  more  or  less  skilled  enumerator. 
Considerations  of  space,  however,  prevent  further  discussion  of 
this  aspect  of  the  subject,  beyond  the  remark  that,  in  my  opinion, 
it  is  very  doubtful  whether  an  elaborate  Census,  with  enumerators 
upon  the  American  model,  would  produce  results  at  aU  in  keeping 
with  the  cost  of  the  undertaking. 

5.  The  answer,  therefore,  to  those  critics  who  complain  of 
the  failure  to  obtain  information  at  the  Census  as  to  wages,  for 
example,  is  that  the  Census  is  not  the  best  means  of  obtaining 
the  information  required,  and  that  other  means,  such  as  special 
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official  enquiries,  must  be  adopted  if  reliable  data  are  to  be 
obtained  and  if  the  Census  is  not  to  be  overweighted.  It  \nll 
then  be  necessary  to  show  that  the  value  of  the  information 
when  collected  will  be  commensurate  with  the  expense  of  the 
enquiry. 

Within  the  legitimate  limits  of  census-taking,  however,  it 
would  be  idle  to  deny  that  much  has  been  lacking  in  the  past, 
especially  from  the  actuarial  point  of  view.  As  long  ago  as 
1893  Mr.  King  drew  attention  to  certain  defects  in  the  Census 
statistics  in  regard  to  dependency  and  while  it  may  seem  a  long 
time  between  then  and  1921,  when  these  defects  will  be  remedied 
for  the  first  time,  it  must  be  recognized,  on  the  one  hand,  that 
the  information  desired  was  not  of  such  ob\dous  pubhc  interest 
in  former  years  as  it  has  now  become,  and,  on  the  other  hand, 
that  the  means  of  representing  the  actuarial  point  of  view  to 
the  authorities  were  less  direct  than  is  now  the  case. 

6.  It  is,  moreover,  evident  that  each  additional  question  on 
the  Schedule  involves  for  its  .appropriate  tabulation  a  further 
expenditure  of  pubUc  money  which  is  by  no  means  a  matter  of 
simple  proportion.  At  the  time  when  Mr.  King  A^Tote  his  paper 
on  "  Family  Annuities",  Treasury  control,  reflecting,  of  course, 
the  prevalent  feeUng  of  Parhament,  was  of  a  very  stringent 
character.  It  is  interesting  in  this  connection  to  refer  to  an 
account  given  in  the  Journal  of  the  Roijal  Statistical  Society 
(vol.  Ivii,  pp.  379-383),  of  the  reception  of  a  deputation  of  that 
body  in  1894  by  the  President  of  the  Local  Government  Board, 
himself  a  past  President  of  the  Society.  The  deputation  put 
forward  demands  for  a  permanent  Census  Office  and  for 
a  quinquennial  Census,  and,  in  his  reply,  the  President 
remarked  that  if  he  could  make  out  a  sufficient  case  to  the 
Treasury  he  would  press  it  with  all  the  means  at  his  command. 
He  added  later  that  the  cost  of  the  proposal  (for  a  permanent 
staff)  was  estimated  at  £1,500  per  annum.  No  action  was  taken 
in  regard  to  the  proposals,  and  it  is  not  unreasonable  to  assume 
that  a  potent  influence  in  bringing  about  this  result  was  a 
generally-accepted  tradition  of  public  economy. 

7.  The   following  table   compares   the   questions 
qS^ti^Tn  °^    asked  in  the  Householder's  Schedule  of  1911  with 

Householder's 

schediues  of      thosc  that  Will  be  asked  m  1921.     The  latter  are 

1911  ana  1921. 

briefly  set  out  in  Part  I  of  the  Second  Schedule  of 
the  Order  in  Council  which  has  been  laid  before  each  House  of 
Parhament  in  accordance  Anth  Section  1(1)  of  the  Census  Act, 


J921.] 


The  Census  of  1921. 


345 


1920.  The  new  procedure  for  directing  the  taking  of  a  Census 
was  recently  described  in  the  Presidential  Address  and  it  must 
suffice  to  say  here  that  both  Houses  of  ParUament  have  passed 
the  necessary  resolutions  required  by  the  Census  Act  approving 
the  special  enquiries  as  to  orphanhood  and  ages  and  size  of  family. 

Engi.and  and  Wales. 

Comparison  of  Questions  on  Householder's  Schedules  of  1911  and  1921.* 


1911. 

1921. 

Name. 

Name. 

Relation  to  head  of  family. 

Relation  to  head  of  family. 

Sex. 

Sex. 

Age  last  birthday  :  age  in  mouths 
children  under  one  year  of  age. 

for 

Age  iu  years  and  months. 

Whether      unmarried,     married 
widowed. 

or 

Whether         unmarried, 
widowed  or  divorced. 

married, 

For  each  married  woman  : — 

(a)  Completed    number   of    years 

marriao^e  has  lasted, 
(i)  Of     children    born     ali%'e     to 
present  marriage: — 

(1)  Total  children  born  alive. 

(2)  No.  of  Children  still  living. 

(3)  No.  of  Children  who  have  died. 


For  each  married  man,  widower  or 
widow,  the  number  and  ages  of  all 
living  children  and  step-children 
under  16  years  of  age. 

In  respect  of  persons  under  15  years 
of  age,  whether  both  parents  alive, 
motlier  dead,  father  dead,  or  both 
parents  dead. 


Particulars      as      to     profession     or 
occupation. 


Particulars     as     to      profession     or 
occupation. 


Whether      employer,     employee     or 
working  on  own  account. 


Whetlier     employer,     employee     or 
working  on  own  account. 


Whether  employed  or  unemployed ; 
present  or  last  employer,  and 
employer's  business. 


Whether  working  at  home. 


Place  of  work,  giving  address. 


Whether  occupied  in  full-time  or 
part-time  attendance  at  an  educa- 
tional institution. 


Birthplace. 


Birtholace. 


Nationality  of  j^ersons  not   born   in 
United  Kingdom. 


Nationality  of   persons   not    born   in 
United  Kingdom. 


Infirmity. 


Number  of  Rooms. 


Number  of  Rooms. 


Language    spoken  (Wales  and  Mon- 
mouth onl\). 


Ijanguage   spoken   (Wales  and  Mon- 
moutli  only). 


*  Subsequently  to  the  completion  of  the  paper.  Provisional  Census  Regula- 
tions have  been  issued  giving  the  exact  form  of  the  new  Schedule. 
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Infirmity  and  It  ^^^^  be  obscrved  that  the  1911  questions  as  to 
Infirmity  and  Fertility  vnW  not  be  asked  in  1921. 
As  to  Infirmity  there  is  a  general  consensus  of  opinion  that  the 
data  obtained  in  the  past  were  incomplete  and  unrehable.  With 
regard  to  Fertihty,  the  data  obtained  in  1911  and  published  in 
Vol.  xiii,  Pt.  1,  no  doubt  afford  interesting  material  to  the  student 
of  social  phenomena,  but  it  must  be  remembered  that  the  effects 
of  the  war  on  statistics  of  this  character*  would  undoubtedly 
tend  to  vitiate  any  conclusions  that  might  be  drawn  from 
similar  data  collected  at  the  coming  Census.  Actuaries  will  be 
chiefly  interested  in  the  new  method  of  asldng  for  age  in  years  and 
months,  and  in  the  questions  as  to  orphanhood  and  dependency, 

(ii)  Genekal  Account  and  Criticism  of  1911  Tabulation 
FOR  England  and  Wales. 

8.  The  tabulated  results  of  the  1911  Census  for 

General 

FoTi^riPv'",",?'     England  and  Wales  were  issued  in  13  main  volumes^ 

1911  Tabulation.  O 

In  addition  there  were  a  volume  for  each  County,  a 
summary  volume,  and  a  volume  containing  the  General  Report 
of  the  Kegistrar-General.  It  should  be  explained  at  the  outset 
that  the  general  scheme  appears  to  be  to  print  practically  the 
whole'  of  the  tabulation  in  the  13  main  volumes,  and  to  extract 
the  appropriate  tables  for  the  purpose  of  the  County  volumes. 
An  examination  of  typical  County  volumes  (Lancashire  and  Kent) 
did  not  reveal  any  information  of  importance  that  could  not  be 
found  in  the  main  volumes.  This  arrangement  may  be  contrasted 
with  that  adopted  in  Scotland  where  the  practice  appears  to  be  to- 
issue  County  volumes  first  which  contain  a  considerable  amount 
of  detail,  though  not  as  much  as  in  the  Enghsh  County  volumes, 
and  which  are  described  collectively  as  Volume  I.  A  summary 
of  the  broad  features  of  the  tabulation  in  the  County  volumes 
together  with  particulars  for  the  whole  of  Scotland  is  given  ia 
Volumes  II  and  III.  It  may  seem  reasonable  and,  as  regards 
printing,  economical  to  relegate  details  to  County  volumes  and 
to  give  a  condensed  view  of  the  facts  in  one  or  two  main  or 
summary  volumes.  It  is,  however,  submitted  that  there  is 
something  to  be  said  for  the  procedure  adopted  for  England 
and  Wales,  for  it  is  conceivable  that  for  many  purposes  all  the 
information  of  one  particular  land  that  is  tabulated  for  various 
areas  should  be  found  in  one  place.  The  Scottish  system,  on. 
the  other  hand,  certainly  produces  an  elegant  handbook  enabling^ 

*  i.e.,  statistics  derived  from  a  question  of  thetjpe  of  the  1911  Fertility  question.- 
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a  rapid  survey  of  social  conditions  easily  to  be  made.  This  may 
have  certain  advantages  for  journalistic  and  similar  purposes, 
but  for  many  practical  purposes  the  Enghsh  system  seems  to  be 
preferable.  The  argument  that  a  large  amount  of  printing  and 
duphcation  is  saved  is  not  of  great  importance  when  it  is  realized 
that  once  the  type  has  been  set  extra  copies  for  amalgamation 
into  County  volumes  can  be  run  oS  very  cheaply. 

9.  An  attempt  has  been  made  in  the  Appendix  to  give  a 
general  view  of  the  tabulation  and  to  indicate  the  more  important 
tables.  There  is,  of  course,  in  addition  a  considerable  number  of 
Summary  and  Comparative  Tables  in  the  various  volumes.  It 
should  be  noted  that  the  de  facto  population  is  the  basis  of  the 
tabulation  and  that  the  administrative  units  of  the  country  are 
the  basis  of  the  classification  by  areas.  It  may  be  of  interest  to 
those  who  have  not  ready  access  to  the  Census  volimies,  and  of 
help  to  Census  critics  who  have  not  yet  made  a  close  examination 
of  the  volumes,  if  an  account  of  the  tabulation  based  on  an 
actual  scrutiny  is  attempted.  Description  of  tabulation  is 
necessarily  a  somewhat  dull  subject,  and  it  is  feared  that  the 
appropriate  brevity  has  not  been  attained. 
Vol..  i-v.  10.  Volumes  I-IV  contain  a  bare  enumeration  of 

the  population  according  to  various  areas,  males  and 
females  being  given  separately  except  in  the  case  of  Vol.  IV 
which  deals  with  Ecclesiastical  Areas.    Vol.  V  is  an  Index  to 
Vols.  I-IV. 
y„n  11-  Volume     I. — Population     in     Administrative 

Areas. — Tables  1  to  10  relate  to  the  various  Adminis- 
trative Areas  and  show : 

(1)  Area  in  acres  ; 

(2)  Number  of  Families  or  Separate  Occupiers  (=Number  of 

Householders'  Schedules)  ; 

(3)  Population,  Males  and  Females. 

The  largest  and,  as  regards  areas  dealt  with,  the  most  detailed 
table  is  Table  10  (368  pages)  which  gives  the  above  particulars 
down  to  the  Civil  Parish  and  Municipal  Ward.  Certain  corre- 
sponding figures  for  1901  are  also  shown  for  comparative  pur- 
poses. Additional  columns  show  the  numbers  of,  and  population 
enumerated  in.  Institutions,  Large  Estabhshments,  Vessels,  &c., 
included  under  (2)  and  (3)  above,  the  Registrar-General  stating 
that  this  information  has  been  given  to  enable  a  better  estimate 
to  be  made  of  the  average  size  of  the  family  in  the  various  areas. 

Table    12    gives    information    as    to    those    administrative 
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curiosities,  the  "  Detached  Parts  of  Civil  Parishes."  The  table 
gives  the  name  of  the  Civil  Parish  to  which  the  detached  part 
belongs,  and  the  names  of  the  Parishes  surrounding  the  detached 
part.  The  tabulation  of  these  particulars  extends  over  29  pages, 
and  it  is  indeed  surprising  to  find  that  at  the  1911  Census  there 
were  still  in  existence  no  fewer  than  921  detached  parts  of  Civil 
Parishes. 

x\s  illustrating  some  of  the  difficulties  of  carrying  out  the 
tabulation,  reference  may  be  made  to  Table  13  (18  pages)  which 
shows  the  changes  of  boundaries  of  Civil  Parishes  during  the 
inter-censal  period  1901-1911. 

Seamen  on  vessels  were  included  in  the  enumeration  only  if 
such  vessels  were  in  port  on  the  night  of  the  Census  or  arrived 
there  on  the  following  day.  Such  persons  are  dealt  with  in 
Table  21,  and  are  "  distributed  among  the  general  population  of 
the  parishes  contiguous  to  the  waters  in  which  the  vessels  were 
lying  with  as  much  accuracy  as  the  information  obtained  allows." 

Table  25  shows  the  constitution  of  the  so-called  "  Outer 
Eing  "  of  London,  i.e.,  that  part  of  the  Metropolitan  Police 
District  which  is  outside  the  Administrative  County  of  London. 

The  volume  concludes  with  Table  27 — "  Number  and  Home 
Ports  of  Persons  absent  at  Sea  on  Fishing  Vessels  at  the  date  of 
the  Census."  It  may  be  remarked  that  these  fishermen,  who  were 
at  sea  on  the  night  of  the  Census  and  who  did  not  arrive  in  port 
on  the  following  day,  are  not  included  in  the  returns  of  population. 
The  numbers  in  the  table  are  approximate  and  are  derived  from 
a  Return  prepared  by  the  Registrar-General  of  Shipping  and 
Seamen. 

,^j  jj  12.  Volume      II. — Population      in      Registration 

Areas. — Tabulation    follows    the    general    form    of 
Table  10,  Vol.  I. 

Table  7  shows  the  differences  between  Registration  and 
Administrative  Counties. 

Table  8  gives  the  aggregate  numbers  of  Marriages,  Births  and 
Deaths  in  each  Registration  County  and  District  in  the  inter- 
censal  period. 

The  volume  concludes  with  a  repetition,  no  doubt  for  the 
purpose  of  completeness,   of  the  table  relating  to  fishermen, 
Table  27  of  Vol.  I,  "  Number  and  Home  Ports  of  Persons  absent 
at  Sea  on  Fishing  Vessels  at  the  date  of  the  Census." 
y^j  jjj  13.  Volume    III. — Population    in    Parliamentary 

Areas. — Tabulation    follows    the    general    form    of 
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Table  10,  Vol.  I,  but  the  details  as  to  persons  enumerated  in 
Institutions,  &c.,  mentioned  in  connection  ^^^tll  that  table  are 
omitted,  and  the  numbers  of  "  Electors  on  Register  "  in  1901 
and  1911  are  given  instead. 

Table  4  gives  the  constitution  of  Parliamentary  Boroughs  by 
Civil  Parishes  and  the  differences  between  Parliamentary  and 
Municipal  Boroughs. 

The  volume  concludes  with  the  usual  absent  fishermen  table 
found  at  end  of  Volumes  I  and  II. 

^^,  jY  14.  Volume     IV. — Population     in     Ecclesiastical 

Areas. — This  volume  gives  for  each  Diocese,  Ecclesi- 
astical Parish  or  District  information  similar  to  that  recorded  in 
Vols.  I-III,  but  the  population  is  not  separated  into  males  and 
females,  nor  are  the  1901  figures  given  for  comparison.  The 
Civil  Parish,  or  Parishes,  and  the  Administrative  County,  or 
County  Borough,  in  which  the  Ecclesiastical  Area  is  situated, 
are  also  given. 

The  tabulation  extends  over  531  pages,  and  in  view  of  the 
non-coincidence  of  the  Civil  and  Ecclesiastical  Parishes  must  be 
a  troublesome  piece  of  work.  It  would  be  interesting  to  know 
what  administrative  purposes  are  served  by  this  volume. 

The  volume  concludes  inevitably,  if  somewhat  irrelevantly, 
with  Table  6 — "  Number  and  Home  Ports  of  Persons  absent  at 
Sea  on  Fishing  Vessels  at  the  date  of  the  Census." 
Y^i  Y  15.  Volume  V. — Index  to  Volumes  I-IV. — This  is 

as  far  as  can  be  discovered  the  only  formal  index  to 
the  Census  tabulation.  It  is  an  index  to  "  every  defined  area 
separately  mentioned  in  the  tables  of  the  Census  Volumes,"  i.e., 
Vols.  I-IV. 

The  Index  shows  for  each  area  : — 
Description. 
Administrative  County. 
Urban  or  Rural  District. 
Number  of  Registration  District. 
Population,  1911. 
Page  of  Population  Volume,  I,  II,  III  or  IV. 

16.  It  is  appropriate  at  this  stage  to  draw  atten- 
^"^il^ot  tion  to  the  overlapping  that  arises  from  the  necessity 
of  Local  for  tabulating   the   population  in   the   above   four 

Government.  o  jr    J: 

different  ways.  The  non-coincidence  of  the  Admini- 
strative, Registration,  Parhamentary  and  Ecclesiastical  areas 
arises  out  of  historical  considerations  and  a  full  account  of  the 
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origin  of  the  various  areas  is  given  in  the  General  Report 
on  the  Census  and  in  the  Introductions  to  Vols.  I-IV.  It 
may  be  of  interest,  however,  to  remark  that  Parliamentary- 
areas  follow  more  or  less«  the  ancient  or  geographical  county. 
Thus  we  find  that  the  Redistribution  Commissioners  in  1884 
decided  to  adopt  as  a  basis  the  Petty  Sessional  District  which 
was  always  contained  "udthin  the  County  boundaries.  Regis- 
tration counties  are,  however,  aggregations  of  Poor  Law  Unions, 
and  Poor  Law  Unions  centreing  as  they  did  on  market  towns 
frequently  extended  over  two  or  more  counties.  The  most 
important  areas  at  the  present  time,  i.e.,  the  Administrative,  which 
will  in  all  probabiUty  absorb  the  others  in  course  of  time,  were 
largelythc  creation  of  the  Local  Government  Acts  of  1888  and  18£4, 
and  are  based  partly  on  the  Pubfic  Health  areas  that  had  grown 
up  since  1848.  Local  Government  reform  is  not  a  subject  that 
need  detain  us,  but,  disregarding  the  opportunity  for  a  few 
pungent  remarks  that  the  subject  affords,  it  may  be  stated 
that  there  is  apparently  one  area  common  to  the  three  areas 
that  have  just  been  described,  namely,  the  Civil  Parish,  and  that 
in  the  case  of  one  County  at  any  rate,  i.e.,  Cumberland,  the 
Administrative,  Registration  and  Parliamentary  Counties 
coincide.  In  the  later  volumes  tabulation  is  according  to 
administrative  areas  throughout,  though  certain  tabulation  in 
Vol.  VII  (Ages  and  Conditions  as  to  Marriage)  is  repeated  for 
Registration  Counties  and  Districts. 

Examples  of       ^^  ^^^7  ^c  of  iutcrcst  to  quotc  some  of  the  examples 
orboundkries.     glvBu  ou  pagc  28  of  thc  Gcucral  Report  to  illustrate 
the  existing  confusion  of  boundaries. 

The  Urban  Districts  of  Brownhills,  Oakengates  and  Spenny- 
moor  each  extend  into  three  Poor  Law  Unions. 

The  Poor  Law  Union  of  Stamford  extends  into  five  Adminis- 
trative Counties,  and  comprises  one  Municipal  Borough  and  four 
Rural  Districts. 

The  Pariiamentary  Borough  of  the  Hartlepools  comprises  the 
County  Borough  of  West  Hartlepool,  part  of  the  Municipal 
Borough  of  Hartlepool  and  part  of  the  Rural  District  of 
Hartlepool. 

The  Civil  Parishes  of  Crosby  Ravensworth,  Hutton-le-Hole, 
Foolow  and  Bigge's  Quarter  have  14,  12,  8  and  7  detached  parts 
respectively. 

y„i  y^  17.  Volume  VI. — Buildings  of  Various  Kinds. — 

The  Statistics  given  in  this  volume  were  based  upon 
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information  collected  by  the  enumerators,  and,  while  a  high 
degree  of  accuracy  is  not  claimed,  it  is  stated  that  the  figures 
given  may  be  regarded  as  reasonably  close  approximations. 
The  classification  is  according  to  Buildings  used  as  DwelHngs, 
and  Buildings  not  used  as  Dwellings,  each  of  which  categories 
is  sub-di\'ided  into  certain  obvious  classes  of  buildings  for  which 
further  information  is  given  as  to  Number  Inhabited,  Separate 
Occupiers,  Population,  Uninhabited  and  Being  Built. 
The  above  tabulation  is  given  for  : — 

Administrative    Counties    (inclusive    and    exclusive    of 

County  Boroughs), 
Aggregate    of    Urban    Districts    (exclusive    of    County 

Boroughs), 
Urban  Districts, 
Rural  Districts. 
Tables  follow  showing  for  the  above  areas  the  average  number 
of  persons  per  dwelling  and  per  family. 
y„i  yjj  18.  Volume    VII. — Ages    and    Conditions    as    to 

Marriage. — It  is  perhaps  only  when  this  volume  is 
leached  that  actuarial  interest  begins  to  stir.  In  Tables  1  to  7 
marital  condition  is  given  age  by  age  for  each  sex  for  England 
and  Wales,  London  and  the  aggregates  of  administrative  areas 
to  which  Mr.  King's  Sectional  Life  Tables  relate.  For  the 
indi\adual  Administrative  Counties  and  their  sub-divisions  w^e 
must  turn  to  Table  8  (Ages  only)  and  Table  9  (Ages  and  Con- 
ditions). Considerations  of  space  naturally  arise  and  quin- 
quennial groups  only  are  given  after  age  20.  Table  8  tabulates 
the  smaller  areas  down  to  the  borough,  and  urban  or  rural 
district,  whereas  Table  9  stops  short  at  urban  districts  with  more 
than  50,000  inhabitants,  and  omits  rural  districts  altogether. 
Table  9  evidently  repeats  for  certain  areas  the  age  detail,  for 
persons  aged  15  and  upwards,  given  in  Table  8.  The  critic  will 
find  it  a  possibly  interesting  problem  to  try  to  avoid  this 
duphcation  without  grouping  the  ages  under  20  and  -without 
destroying  the  homogeneity  of  Table  8.  After  some  consider- 
ation it  will  probably  appear  that  in  this  case,  as  in  other  parts 
of  the  tabulation,  a  reasonable  compromise  has  been  made. 

As  an  illustration  of  the  complexity  of  Local  Government 
reference  may  be  made  to  Table  8a  which  gives  age  particulars, 
as  in  Table  8,  for  Rural  Districts  extending  into  two  Adminis- 
trative Counties. 

A  considerable  number  of  comparative  tables  (Tables  18-28) 
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is  a  feature  of  this  volume  as  indeed  of  other  volumes.  As  they 
are  mostly  exercises  in  simple  proportion  {e.g.,  per  100,000 
persons  in  various  areas  and  so  on)  they  do  not  call  for  much 
comment.  It  may  be  noted,  in  passing,  that  the  heading  to 
Table  18  is  inadequate.  It  should  be  clearly  explained  that  the 
tabulation  is  on  the  basis  of  100,000  persons  in  each  area. 
Y^j  yj^  19.  Volume   VIII. — Tenements  in  Occupation  of 

Private  Families. — Tables  1  and  2  in  this  volume  are 
a  cross-tabulation,  chiefly  for  certain  obvious  aggregates  of 
Administrative  Areas,  of  the  number  of  private  famihes  according 
to  number  of  rooms  per  tenement  and  number  of  persons  in 
private  families. 

Table  3  brings  in  a  further  variable,  the  number  of  children 
under  10  j'ears  of  age,  and  relates  to  London,  each  Metropolitan 
Borough,  Coimty  Borough  and  Urban  District  with  over  50,000 
inhabitants. 

Comparative  tables  designed  to  show  the  degree  of  over- 
crowding follow. 

yj^,  jx  20.  Volume  IX. — Birthplaces  of   Persons  enmner- 

ated. — Two  subjects  arise  in  this  volume,  namely, 
Aliens  and  Internal  Migration. 

AHens  are  faithfully  dealt  with  in  Tables  3-5  as  regards 
Country  of  Birth,  Ages,  Marital  Condition,  Occupation  and,  for 
England  and  Wales  only,  according  to  whether  they  are  Residents 
or  Visitors. 

21.  On  the  subject  of  Internal  Migration,  the  tables  simply 
show  the  resultant  movement  since  birth,  and  it  seems  open  to 
doubt  whether  much  is  to  be  learnt  from  the  detailed  classifi- 
cation, in  respect  of  certain  areas,  of  birthplaces  in  relation  to 
ages.  It  would  seem  to  be  of  greater  interest  to  know  the 
movement  since,  say,  the  previous  Census,  but  this  of  course 
could  only  be  ascertained  by  a  special  question  on  the  Schedule. 
It  must,  however,  be  said  that  a  Committee  of  the  Royal 
Statistical  Society  has  asked  for  "a  greater  amount  of  age- 
detail  -^-ith  reference  to  the  inhabitants  of  certain  selected  towns 
and  rural  districts  ",  so  it  is  to  be  assumed  that  the  tabulation 
bv  ages  is  of  value  to  the  student  of  social  phenomena.  The 
tabulation  by  ages  is  described  by  the  Registrar-General  as 
"  experimental  ",  but  no  reasons  are  given  for  the  choice  of 
areas. 

yj,,  X.  22.  Volume    X. — Occupations    and    Industries. — 

"*°  ^ "         As    might    perhaps    be    expected,     this    important 
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volume  requires  a  considerable  amount  of  study  and  invites  a 
certain  amount  of  criticism.  It  is,  moreover,  a  volume  of  distinct 
actuarial  interest. 

Grouping  of  23.  It  must  first  be  explained  that  in  the  portion 

cupa  oju.       ^j  y^j  ^  p^   ^^  relating  to  Occupations,  one  system 

of  occupational  headings  is  adopted  throughout,  occupations 
being  grouped  under 

23  Orders, 

78  Sub-Orders, 

474  Headings. 
Effectively,  however,  there  are  only  472  headings  in  view  of 
the  grouping  together  in  one  total  in  Order  XXIIl  of  the  figures 
relating  to  the  headings  "  Students  ",  "  Scholars  "  and  "  Others." 
It  would  seem  preferable  to  have  the  figures  relating  to  "  Others  " 
separately  if  not  for  "  Students  "  and  "  Scholars '",  but  it 
is  stated  in  the  General  Report  (p.  146)  that  the  three 
headings  were  amalgamated  on  account  of  the  incompleteness 
of  the  returns.  '"  Others  '",  it  may  be  remarked,  are  principally 
wives  wholly  engaged  in  domestic  duties  at  home.  In  Part  2, 
which  consists  of  one  table  only  (Table  13),  and  which  relates 
to  the  individual  County  Boroughs,  and  the  sub-divisions  of 
the  Administrative  County,  some  compression  of  headings  had 
to  be  made,  so  that  we  find  statistics  relating  to  a  minimum 
condensed  list  of  occupations  followed  by  particulars  in  italics 
for  relatively  important  occupations.  An  Appendix  to  Vol.  X 
contains  an  index  to  the  occupations  returned  on  the  Schedules 
together  with  the  order,  sub-order  and  heading  under  which 
each  occupation  was  grouped. 

It  must  be  added  that,  in  view  of  the  fact  that  the  classifi- 
cation adopted,  in  the  portion  of  Vol.  X  which  is  stated  to  relate 
to  "  Occupations  ",  is  a  compromise  between  a  personal  and  an 
industrial  classification,  considerable  caution  is  necessary  in 
using  the  statistics  tabulated.  This  point  is  dealt  with  more 
fully  in  pars.  37-40  in  conjunction  with  Tables  28  and  29  in  which 
the  classification  is  on  a  purely  industrial  basis. 

24.  The    detailed    tabulation    for    England    and 
wSf8°"London.    Walcs  Is,  wlth  one  exception  (Table  7  relating  to 

Lancashire  and  .  . 

Yorkahire.         mamcd  mcu),  repeated  for  London,  Lancashire  and 
Yorkshire    separately,    presumably    because    of    the 
relative  importance  of  these  areas,  including  as  they  did  some 
13  milhons  of  the  population. 

VOL.  LII.  2    C 
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Administa-ative  25.  The  statlstics  as  to  Administrative  Counties 

(inclusive  of  County  Boroughs)  are  tabulated  in 
Table  12  which  follows  the  form  of  Table  1  (England  and  Wales), 
while  Table  13  gives  information  under  condensed  headings,  as 
explained  above,  for 

England  and  Wales, 

Aggregate  of  Urban  Districts, 

Aggregate  of  Eural  Districts, 
and  each 

Administrative  County, 

County  Borough, 

Metropolitan  Borough, 

Urban  District  with  more  than  50,000  inhabitants, 
^nd  the 

Aggregate    of    Rural    Districts    in    each    Administrative 
County. 
Information  26.  Haviug    dealt    with    the    areas     for    which 

Tabulated.  xT_li"'  1  li.  '1 

tabulation  is  made,  we  may  now  proceed  to  consider 
the  actual  tabulation,  which  for  any  occupational  heading  deals 
with  ages,  conditions  as  to  marriage  (with  or  without  age- 
distribution)  and  economic  status,  i.e.,  whether  employer, 
employee,  or  worldng  on  own  account,  for  which  totals  only 
are  given  for  each  heading.  In  connection  with  status  it  may 
be  remarked  that  data  as  to  unemployed  will  also  be  available 
as  a  result  of  the  coming  Census. 

The  following  table  gives,  it  is  hoped,  a  clear  view  of  the 
tabulation  in  the  more  important  occupation  tables,  while  it  is 
thought  that  the  specimens  given  of  the  actual  forms  of  the 
tabulation  may  assist  in  the  understanding  of  what  follows. 
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Volume  X. 

Table  showing  the  contents  of  the  more  important  Tables  relating  to 
Occupations. 

The  particulars  shown  are  tabulated  for  each  occupational  "  heading." 

A  cross   (X)    denotes  the   tabulation  of   the  information    indicated   in   the 
column  headln:;. 


Co> 

•ditions  as  to 
Makriaoe 

0 

Area 

Sex 

Age  Groups 

3  5 

Remarks 

1 

e 

Sex       1 

Age 

Sm 
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M.    I    F. 

M. 

F. 

M. 

F 

England  &  Wales 

X        X 

10-       

X 

England  &  Wales 

X 

X 

10-       

Occupational 
headmgs  in 
alphabetical 
order. 

England  &  Wales  ^ 

London  (Ad.  Co.) 

Lanes.    (Ad.    Co. 

X     1    X 

10-,     15-    20-, 

— 

— 

— 

— 

X 

— 

+  C.B.)        ... 

25-,  35-,  .  .  . 

Yorkshire    (Ad. 

75  and  over. 

Co. +  C.B.)        j 

England  &  Wales 

^y 

-20,    20-,    21-, 
25-,  35-,  .  .  . 

Mar- 
red 
only 

— 

iMar- ,   

ried  i 
only 

■ 

England  &  Wales  . 
London              ...  | 
Lancashire        ...   1 
Yorkshire          ...  ^ 

— 

X 

75  and  over. 

10-,    15-,    20-, 
25-,  35-,  .  .  . 

X 

—       X 

X  • 

Marital  con- 
dition is 
indicated  by 
use  of 
differentkinds 

1 

75  and  over. 

1 

^ 

of  type. 

Each  Ad.  Co.  + 

X        X 
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X 

_ 



— 

— 

C.B. 

\ 

England  &  Wales  % 
Subdivisions  of  | 

X     1    X 

10-,    13-,    14-, 

— 

X 

.       — 

—  jThis  table 

Ad.    Co.  ;     Co.    ■ 

i 

j 

...  19,  20-, 

forms 

Boroughs      ...  ' 

1 

25-,  35-,  .  .  . 
65  and  over. 

Vol.  X,  Pt.  2. 

tA 

England  &  Wales  ^ 
London              ...  | 

IB 

X        X 

Individual  ages 

. 



:    

— 

IC 

Lancashire        ...  1 
Yorkshire          ...  ^ 

10  to  21. 

ID 

1 

Note. — Ad.  Co.  +  C.B.  =  Administrative  County  inclusive  of 

County  Boroughs. 
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Specimens  of  Tahulation. —  Volume  X. 

Table  1. 

England  and  JFales 


Occupations  at  Ages  10  years  and  upwards 


Persons 


Males 


XII. — Building,  and  Works  of  Constkuc- 

TIOX. 

1.  House- Building,  etc. 

1.  Builders 

2.  Builders'  Labourers 

3.  Carpenters,  Joiners  ... 


5.  Brickla3"ers 


946,707 

39,998 

66,026 

209,051 

102,756 


946,127 

39,858 

66,026 

208,995 

102,752 


580 

140 

56 

4 


48 
9 

2 


45     ;  487 
10        121 

:::  i  ^ 

4 


Table  12  omits  the  column  "  Persons  '',  but  is  otherwise  identical  in  form 
with  Table  1. 
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27.  A  casual  glance  at  the  tabulation  reveals  a 

Keed  for  .  ® 

of  age"gr7up8.'°  Considerable  amount  of  duplication  and  the  use  of 
several  different  systems  of  age-groupings.  With 
regard  to  the  latter  point,  there  are  obvious  advantages,  both 
from  the  point  of  view  of  avoiding  duplication  and  of  com- 
parability, in  the  adoption  of  a  uniform  system  of  age-groups 
throughout.  It  is  not  suggested,  of  course,  that  the  information 
in  Table  14  (Occupations  of  persons  under  21  at  individual  ages) 
is  valueless,  but  it  seems  better  to  aim  at  a  compromise  and 
get  all  similar  information  together  in  one  table.  On  the  other 
hand,  while  persons  under  21  were  treated  in  such  detail,  persons 
aged  25  and  over  were  tabulated  in  decennial  groups  which 
unfortunately  ended  in  the  digit  "5."  The  important  ages 
from  the  point  of  view  of  retirement  and  old-age  pensions  were 
thus  concealed.  A  reasonable  standard  system  of  age-groups 
throughout  would  be  one  starting  at  14  (in  view  of  the  new 
Education  Act)  with  biennial  groups  to  20,  quinquennial  groups 
■  to  75,  and  one  group  for  75  and  over.  This  suggestion  could  be 
adopted  if  the  tables  were  printed  as  in  Vol.  X,  Part  2,  i.e., 
the  tabulation  running  from  left  to  right  instead  of  down  the 
page  in  the  normal  way.  Under  this  proposal  Table  14  would 
disappear. 

Dupucation.  28.  With  regard  to  duphcation  it  will  probably  be 

found  after  close  examination  that  much  of  it  is 
inevitable  in  view  of  the  difficulty  of  including  in  one  intelligible 
table  statistics  for  each  occupational  heading  showing  the  number 
of  persons  in  each  age-group  according  to  marital  condition,  with 
further  information  as  to  totals  in  the  various  sub-divisions  of 
economic  status.  It  is  theoretically  possible  to  combine  Tables 
1,  3,  7  and  8,  using  differential  type  for  marital  condition  as  in 
Table  8,  but  it  is  to  be  assumed  that  totals  in  each  age-group 
would  be  required  irrespective  of  marital  condition.  There  are 
in  addition  the  totals  in  age-groups  for  each  "  Order."  In  the 
result  there  would  be  four  or  perhaps  five  kinds  of  type.  Clearly 
such  a  table  would  be  unsatisfactory,  the  conclusion  being  that 
the  relegation  of  marital  condition  to  a  separate  table  is 
justifiable.  Nevertheless  it  is  suggested  that  Tables  1  and  3 
and,  if  necessary,  the  corresponding  tables  for  London,  Lanca- 
shire and  Yorkshire  could  usefully  be  amalgamated  by  inserting 
three  extra  columns  for  "  Unmarried ",  "  Married "  and 
"  Widowed  "  between  columns  (11)  and  (12)  of  Table  3.  {See 
specimen  of  tabulation).     Provision  will  also  have  to  be  made 
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in  the  coming  tabulation  for  columns  for  "  Unemployed  ",  but 
there  would  be  room  for  all  these  extra  columns  as  well  as  for 
those  required  in  connection  with  the  age-groups  proposed  in 
par.  27,  if,  as  there  suggested,  the  printing  were  carried  out  as  in 
Vol.  X,  Part  2.  Males  and  females  should  be  on  opposite  pages, 
and  there  would  then  be  room  for  the  complete  tabulation  of 
males  in  relation  to  marital  condition,  whereas  at  present  only 
Married  Men  are  separately  dealt  with  (Table  7). 

29.  It  is  a  matter  for  consideration  whether  the 

Marital 

Conditions  of  tabulatiou  of  males  should  not  follow  that  of  females 
in  regard  to  marital  condition.  If  Table  7  is  compared 
with  Table  3  (all  males)  it  vn\\  be  found  that  the  proportion  of 
married  men  varies  greatly  indifferent  occupations,  and  no  doubt 
there  are  similar  variations  in  the  proportion  of  "widowers.  More- 
over, there  are  certain  tendencies  in  industry  which  may  render  it 
of  importance  that  there  should  be  more  precise  information  as 
to  marital  condition  of  males  in  different  occupations.  Such 
problems  as  possible  pension  schemes  in  connection  with 
particular  occupational  groups,  e.g.,  trade  unions,  and  differential 
wage  schemes  such  as  certain  of  the  Dominions  are  experi- 
menting upon,  at  once  suggest  themselves.  On  all  these  grounds, 
therefore,  it  is  suggested  that  a  table  for  men  on  the  lines  of 
Table  8  for  women  should  be  furnished  in  lieu  of  Table  7  for 
married  men  only. 

The  following  table  may  be  of  interest  in  this  connection : — 
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Below  age  25  the  variation  in  the  proportion  of  married 
men  is  very  marked,  those  occupations  where  the  maximum 
earning  power  is  reached  at  an  early  age  naturally  showing  a 
higher  proportion  of  married  men.  In  the  age-groups  35-45 
and  45-55  a  more  or  less  constant  proportion  is  shown  in  almost 
all  classes,  only  General  and  Agricultural  Labourers  falling 
markedly  below  the  general  average  for  the  country  as  a  whole. 
A  comparison  of  the  figures  given  at  the  older  ages  for  Coal 
Mners  with  those  for  Agricultural  Labourers  and  Local 
Government  Officers  would  appear  to  afford  some  support  for 
the  view  that  the  proportion  of  widowers  may  also  var}' 
appreciably  with  the  occupation  and,  if  this  be  so,  added  force 
is  given  to  the  above  suggestion  for  the  detailed  tabulation  of 
males  in  relation  to  marital  condition. 

30.  In  connection  with  many  industrial  problems 

Makers  and  •  _  ■■- 

Dealers.  ^j.  "g  important  to  prcscrvc  a  clear  distinction  between 

*'  makers  "  and  ''  dealers."  In  the  1911  tabulation  there 
was  a  lack  of  uniformity  in  the  treatment  of  the  tabulation 
■of  "  dealers."  In  some  Orders  "  dealers "  are  treated  as  a 
separate  Sub-order  {e.g.,  Order  XVIII),  in  others  they  are 
included  under  different  headings  {e.g.,  Order  XIX).  It  seems 
desirable  that  "  dealers  "  should  be  brought  together  as  a  separate 
Sub-order  to  each  Order,  an  arrangement  which  will  be  found  to 
liave  an  important  advantage  when  the  following  remarks  as  to 
the  tabulation  of  economic  status  have  been  considered. 

31.  As   remarked   previously   in   par.    26,    totals 

Economic  Status  .  .  ■'•  V  •  i 

tS^M"""  ^^y  ^^®  given  in  respect  of  each  occupational 
"  heading  "  for  Employers,  Working  for  Employers 
and  Worldng  on  Own  Account.  To  these  categories  we  must 
now  add  that  of  "  Unemployed  "  in  view  of  the  new  Schedule. 
There  can  be  no  doubt  that  the  age-distributions  of  these  classes 
are  quite  dissimilar,  and,  if  reference  is  made  to  par.  8  of  the 
Hardy  and  Wyatt  Report  in  connection  with  the  National 
Health  Insurance  Bill  of  1911  (Cd.  5681),  it  will  be  found  that 
this  particular  information  was  required  and  that  an  estimate 
had  to  be  made  roughly  by  comparing  the  age-distribution  in 
-certain  special  occupations,  where  the  majority  were  returned 
either  as  employers  or  working  on  own  account,  with  the  age- 
distribution  in  analogous  occupations  where  the  great  bulk  of 
those  enumerated  were  workers.  The  same  distribution  had 
to   be   assumed  for  those   who   were   employers   and  for  those 
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working  on  their  own  account.*  It  is  to  be  hoped,  therefore, 
that  this  important  defect  in  the  tabulation  will  be  remedied  in 
the  forthcoming  Census. 

32.  The  question,  however,  arises  as  to  what  should  be  the 
occupations  or  groups  of  occupations  for  which  this  tabulation 
of  status  b}^  ages  should  be  made.  "  Orders  "  are  clearly  too 
broad  a  grouping,  and  on  the  other  hand  it  would  lead  to  a 
bulky  table  if  the  tabulation  were  made  for  "  headings  "  as  in 
the  case  of  marital  condition.  A  reasonable  and  practicable 
compromise  would  be  to  tabulate  for  each  of  the  existing  78- 
"  sub-orders  ",  the  "  sub-orders  "  being  modified  as  previously 
suggested  in  connection  ^\ith  dealers.  It  would  e\'idently  be  of' 
great  use  to  have  the  age-distribution  of  dealers  separately 
according  to  economic  status.  The  information  suggested 
should  be  given  in  a  separate  table  rather  than  incorporated  in 
the  main  tables  by  means  of  differential  tvpe. 

33.  It  may  be  noted  in  connection  with  this  part  of  the 
subject  that  in  certain  Orders,  e.g.,  Order  III  (Professional 
Occupations  and  their  Subordinate  Services)  and  Order  V  (Com- 
mercial Occupations),  no  particulars  as  to  status  are  given  at 
present,  but  this  will  no  doubt  receive  attention. 

The  suggested  tabulation  of  status  in  relation  to  age  will 


*  The  following  is  an  illustration  of  the  method  understood  to  have  been  used 
by  Sir  George  Hardy  and  Mr.  Wyatt.  Vol.  X,  'Jable  3,  p.  14,  of  the  1911 
Census  gives  the  following  data,  under  Order  VI,  for 

(1)  Livery  Stable  Keepers;  Coach  and  Cab  Proprietors. 

(2)  Carmen,  Carriers,  Carters,  Wagoners  (not  Farm). 


Ages 

Employers 
and  Working 

Working 

others  or 

No 
Statement 

20- 

25- 

35- 

... 

Total 

A"crn"t      ^-Ploy- 
(E)                   (W) 

(1) 

(2) 

... 

553 
37,720 

2,068 
89,695 

2,773 
67,185 

... 

10,989 
278,443 

8,278 
19,803 

1,992 
249,477 

719 
9,163 

lleducing  the  age-distribution  figures  proportionately"  to  eliminate  "  Others, 
we  may  write 

(1)...  +       517+    1,933+    2,592  + 
(2)  .  .  .    +  36,479  +  86,743  +  64,974  + 


1  P9"' 
(2)'  =  (2)  X  ;77^^^  = . .  +  291  +  693  +  519  + 


249.477 

(3)  =  (l)-(2)' 

226+    1,240 


=    10,270=   8,278E+      1,922W 
=  269,280  =■  19,803E  +  249,477W 

=     2,150=       I08E+      1,992  \V 


2,073  + 


=      8,120=   8,120E 


(3)  gives  the  age-distribution  of  8,120  "  Employers  "  and  "  Working  on; 
Own  Account." 
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throw  some  light,  if  only  of  a  momentary  character,  on  the 
debateable  question  as  to  the  relationship  (if  any)  of  unemploy- 
ment to  age. 

34.  In  any  serious  examination  of  the  occupational 

Classification  ''  ■"• 

of^-Ketired,"  tabulatlou,  attention  should  be  directed  to  the 
important  notes  before  Table  1,  in  which  it  is  stated 
that  persons  returned  as  "  Pensioners  "  or  "  Retired  "  from  any 
specified  profession  or  business  (except  Officers  of  the  Army  or 
Navy)  are  included  under  the  headings  "  Pensioners "  or 
"  Retired  "  (Order  XXIII).  Inmates  of  Lunatic  Asylums  or  of 
Workhouses  where  returned  as  Insane  and  yet  described  by  their 
former  occupations  have,  irrespective  of  age,  been  classed  as 
"  Retired."  Other  Inmates  of  Workhouses  aged  60  years  and 
upwards  whose  former  occupations  were  returned  have  also  been 
classed  as  "  Retired."'  The  note  proceeds  to  state,  somewhat 
humorously  perhaps,  that  other  Inmates  of  Institutions  and 
Prisoners  of  all  ages  have  been  classed  under  their  stated 
occupations  on  the  assumption  that  their  ordinary  work  has 
been  relinquished  for  a  time  only.  These  notes  are  obviously 
of  importance  in  relation  to  the  question  of  occupational 
mortality.  The  usual  Supplement  dealing  with  this  subject  in 
connection  with  the  1911  Census  has  not  yet  been  pubhshed. 

35.  The  former  occupations  of  '"  Pensioners  "  and  "  Retired  " 
are  separately  tabulated  for  England  and  Wales  in  Table  17 
with  a  note  at  the  head  of  the  table  explaining  its  relationship 
to  Table  3.  It  seems  very  desirable  that  a  similar  note  should 
be  before  Table  3,  instead  of,  or  at  any  rate  as  well  as,  before 
Table  1.  The  age-distributions  and  former  occupations  of 
Paupers  and  Prisoners  are  given  separately  in  Tables  18  and  19 
and  here  again  a  note  before  Table  3  would  be  useful. 

36.  Despite  the  rather  discouraging  references  to 
8u^tuuc7i^'°     statistics  in  the  Report  of  the  recent  Departmental 

relation  to  •'■-'- 

teb^tion.  Committee  on  the  Employment  Exchanges  (Cmd. 
1054,  p.  16),  it  may  be  hoped  that  as  a  result  of  the 
operation  of  the  new  Unemployment  Insurance  Act  a  considerable 
volume  of  new  statistics  relating  to  unemployment  wiU 
presently  become  available,  and  it  is  earnestly  to  be 
desired  that,  in  the  collection  and  presentation  of  those 
statistics,  regard  will  be  had  to  the  treatment  of  occupations 
in  the  Census  tabulation,  even  if  it  should  be  necessary 
to  recast  £he  latter.  Those  of  us  with  Army  experience 
will  recall  the   very   complete   handbook    of    occupations   and 
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their  code  numbers,  which  was  issued  in  connection  with  a 
certain  Army  Order,  and  in  which  occupations  were  grouped,  the 
group  and  code  number  being  endorsed  on  the  now  almost 
forgotten  Pay  Book  (A.B.  64)  for  Men  or  Record  of  Services 
Book  (A.B.  439)  for  Officers.  Some  of  us  indeed  will  recall  a 
severe  mental  struggle  as  to  whether  demobilisation  would  be 
more  rapid  under  Group  43  (which  included  Students)  or  under 
Group  41  (which  included  Actuaries).  It  does  seem  that  a 
similar  system  could  be  adopted  in  connection  with  the  Un- 
employment Book,  especially  as  co-ordination  of  the  returns  of 
the  Labour  Exchanges  with  those  of  the  1911  Census  appears 
to  have  been  achieved.  {See  Vol.  X,  p.  ix).  No  doubt  there 
are  difficulties  in  the  way,  as  there  are  in  the  way  of  every  piece 
of  co-ordination,  but  it  should  be  the  aim  of  enhghtened 
administration  to  overcome  them  rather  than  to  add  to  the 
already  long  list  of  criticisms  of  official  statistics  from  the  point 
of  view  of  lack  of  co-ordination. 

37.  Before  concluding  this  lengthy  review  of 
^ervkel''  ^'"'     Volumc  X,  It  Is  Important  to  refer  to  Tables  28  and 

29,  which  give  full  particulars  as  to  the  allocation  to 
various  Industries  and  Services  of  the  persons  who  are  classified 
in  the  preceding  Occupation  tables.  It  is  probable  that  these 
tables  are  the  least  easy  to  appreciate  of  all  the  tables  in  the 
Census  volumes.  Table  28  in  particular  is  far  from  lucid  and 
the  explanatory  notes  that  precede  it  are  in  a  size  of  type  more 
appropriate  to  a  work  of  a  devotional  character.  Reference  is 
made  later,  however,  to  the  general  question  of  type.  This 
industrial  classification  is,  of  course,  of  economic  rather  than 
actuarial  interest,  but  it  is  of  the  utmost  importance  that  the 
distinction  between  it  and  the  classification  in  the  occupation 
tables  should  be  appreciated,  especially  as  the  notes  preceding 
the  latter  do  not  afford  sufficient  information  as  to  the  basis  of 
classification  nor  do  they  refer  to  the  industrial  classification  in 
Tables  28  and  29.  This  is  a  point  that  should  certainly  receive 
attention. 

38.  Theoretically,  the  classification  of  occupations 
cia'siflJation  of  ^ay  bc  of  &  pcrsoual  or  industrial  character  and  for 
occupauons.  .^^  complctc  treatment  would  require  a  very  extensive 
piece  of  cross-tabulation.  At  the  last  Census  an  experiment 
was  made  "  to  test  the  feasibility  of  introducing  a  consistently 
personal  classification  of  occupations,  which  should  tabulate  by 
the  nature  of  the  process  performed  by  the  individual  worker 
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those  sections  of  the  hst  which  are  now  classified  only  according 
to  the  nature  of  the  product  or  the  material  worked  on  "  (Vol.  X, 
p.  viii).  This  was  found  to  be  impracticable  owing  to  the  incom- 
plete character  of  the  information  on  the  Schedules,  and  it  is 
stated  that  under  present  circumstances  "  any  logically  con- 
sistent tabulation  in  our  census  of  workers  by  personal  occupation 
is  unattainable  and  that  the  present  system  of  classification 
partly  by  occupation  and  partly  by  product  worked  on  must 
be  adhered  to  "  (pp,  viii  and  ix).  It  is  this  system  which  is 
adopted  in  the  Occupation  tables  of  Vol.  X.  Thus  it  is  stated 
in  a  note  preceding  the  Occupation  tables  that  "  clerks, 
messengers,  porters,  carmen  and  engine  drivers  or  stokers,  who 
are  engaged  in  occupations  which  are  of  very  similar  character 
in  the  many  industries  with  which  they  may  be  connected,  are 
classified  according  to  their  personal  occupations  ;  in  most 
other  cases  persons  are  classified  according  to  the  manufacture, 
trade  or  service  with  which  they  are  connected."  The  Registrar- 
General  goes  on  to  say  (p.  ix)  :  "  While  complete  tabulation  by 
personal  occupation  has  thus  proved,  for  the  present  at  least, 
impossible,  we  have  been  able  to  secure  consistently  industrial 
tabulation  by  classifying  the  persons  grouped  under  headings 
relating  to  personal  occupations  by  the  industry  or  service  with 
which  they  are  connected,  thus  ascertaining  the  total  numbers 
employed  in  various  industries  or  groups  of  industries  and 
services."  This  industrial  classification  is  shown  in  Tables  28 
and  29,  of  which  a  brief  account  is  given  in  the  following 
paragraph. 

Tables  28  and  29.         ^9.  Tablc  28  shows  the  building  up  of  the  number 
of  persons  in  an  Industry  or  Service  by  adding  to 
(I)  Persons   classified   to   the   Industry   or   Service   in    the 
Occupation  Tables 
a  group  of 

(II)  Additional  Workers. 
A  deduction  is  then  made  of  those  persons  under  (I)  who  are 
included  as  "  Additional  Workers  "  in  other  Industries  or 
Services.  Males  and  Females  are  dealt  with  separately.  The 
"  Additional  Workers  "  are  dealt  with  in  three  broad 
groups  : — 

Group  A — ^relating  to  persons  engaged  in  production,  repair 

and  maintenance,  &c. 
Group  C — relating  to  persons  engaged  in  domestic  oflices  and 
services,  catering,  &c. 
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Group  B — relating  to  persons  engaged  in  occupations  other 
than  A  and  C,  e.g.,  commercial,  conveyance, 
professional,  &c. 
At  the  foot  of  each  page  of  the  table  is  an  analysis  under 
occupational  headings  of  what  are  presumably  important  items 
included  in  the  totals  in  the  upper  part  of  the  page.  No  clear 
explanation  is  given  of  this  subsidiary  table. 

In  Table  29  the  classes  (I)  and  (II)  above  are  separately 
redistributed  in  age-groups  under  the  appropriate  occupational 
headings,  and  in  addition  the  totals  for  each  heading  are  dis- 
tributed into  certain  broad  areas  which,  it  is  stated,  were 
adopted  after  consultation  with  the  Board  of  Trade.  Clearly 
the  age-distribution  of  (I)  is  given  in  the  preceding  Occupation 
tables,  and  to  that  extent  there  is  a  considerable  amount  of 
duplication.  But  if  the  full  details  for  each  heading  were  not 
given,  it  is  probable  that  the  economist  would  complain  of 
having  to  look  in  two  places  to  find  the  constitution  of  an 
Industry,  a  complaint  which  would  be  just  as  well  founded  as 
the  one  implied  in  connection  with  the  suggested  combination 
of  Tables  1  and  3  (par.  28).  The  conclusion  once  again  is  that 
the  duplication  in  these  particular  tables  is  more  or  less  un- 
avoidable, but  it  appears  to  be  a  more  legitimate  criticism  to 
question  the  necessity  for  printing  such  a  degree  of  detail.  The 
form  of  tabulation  is  necessarily  elaborate  and  the  printing 
must  be  a  very  costly  matter.  It  may  be  considered  sufficient 
to  print  a  summary  table  only  with  a  brief  account  of  the  methods 
emploved,  giving  the  earnest  seeker  after  truth  the  right  to 
inspect  the  full  tabulation. 

40.     The  importance  of  the  industrial  classification 

lUuatration  ■*■  .  .       .  ,       . 

iLdSsf""'''"^     may  be  illustrated  by  certain  statistics  relating  to  the 
Building   Industry,    in   which   the   problem   of   the 
admission  of  dilutees  is  one  of  current  interest. 

In  the  Occupation  tables  we  find  Order  XII,  BUILDING 
and  WORKS  of  CONSTRUCTION,  wth  Sub-Orders  (1)  House 
Building,  &c. ;  (2)  Other  Works  of  Construction  and  Roads. 
Under  these  sub-orders  there  are  19  and  5  headings  respec- 
tively, the  19  headings  under  sub-order  1  including  such  typical 
headings  as  : 

1.  Builders. 

2.  Builders'  Labourers. 

3.  Carpenters,  Joiners. 

4.  Carpenters',  Joiners' — Labourers. 
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5.  Bricklayers. 

6.  Bricklayers'  Labourers. 

and  so  on. 
From  the  titles  of  ORDER  XII  and  Sub-Order  (1),  it  might 
at  first  sight  be  inferred  that  all  the  persons  classified  to  the 
heading  "  Bricklayers  ",  for  example,  were  engaged  in  House 
Building,  but  we  read  on  p.  Isxxi  of  the  Introduction  to  Vol.  X 
that  "  The  872,963  males  classified  to  the  occupational  headings 
of  the  sub-order  "  House  Building,  &c.",  included  87,274  who 
were  returned  as  following  these  occupations  in  connection  with 
some  other  industry  or  service,  while  there  were,  on  the  other 
hand,  29,299  males  classified  to  various  other  occupational 
headings  but  returned  as  being  employed  in  connection  with 
building  trades."  These  29,299  additional  males  included  the 
workers  given  in  the  following  table  : — 


Suh- 
Ordtr 


HeadiD" 


Description 


Xumber  of 

Additional 

Male 

Workers 


VI 

2 

6,7 

V 

2 

1 

VI 

5 

3 

XIII 

2 

i 

XXII 

5 

2 

X 

3 

5 

Carmen,  Motor  Van  Drivers,  &c. 
Commercial  Clerks 
Messengers,  Porters,  Watchmen 
Sa\\'yers,  Wood  Cutting  Machinists 
Engine  Drivers,  Stokers,  luremen 

(not  railway)     •.. 
Blacksmiths,  Strikers 


11,544 
9,002 
2,218 
1,787 
1,002 

737 


In  the  following  table  a  comparison  is  made,  for  the  more 
important  trades,  of  the  number  of  men  working  at  building 
trades  in  connection  with  other  industries  or  services  with  the 
number  classified  to  those  trades  in  the  Occupation  Tables. 
The  figures  in  cols.  (1)  and  (2)  of  the  table  were  extracted  from 
Table  29  (Vol.  X,  Pt.  1,  p.  722).  The  actual  numbers  of  persons 
in  the  various  trades  employed  in  the  House  Building,  &c.. 
Industry  are,  of  course,  the  differences  between  the  numbers 
shown  in  cols.  (1)  and  (2). 
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Census  of  England  and  Wales,  1911. 
House  Building,  &c.,  Industry.     Males  only. 


ORDER 
XII,  Suh- 
Order  1. 

Description  of  Occupational  Hear 

(I)  Number 

classified  to 

'  Industry  in 

ing     Occupation 

Number  of 

(I)  included 

.IS  Additional 

Worlvers  in 

other 

(2)  as  a 

percentage 

of  (1) 

Number  of 
Heading 

Tat>les. 
(ORDERXII) 

Industries  or 
Services 

(1) 

(2) 

(3) 

1-19 

ALL 

872,963 

87,274 

10-0 

3 

Carpenters,  Joiners 

208,995 

30,736 

14-7 

4 

Carpenters',  Joiners' — 

Labourers 

5,371 

1,683 

31-3 

5 

Bricklayers   ... 

102,752 

12,396 

121 

6 

Bricklayers'  Labourers 

69,809 

5,309 

7-6 

7 

Masons          

47,063 

4,581 

9-7 

8 

Masons'  Labourers  ... 

15,950 

1,405 

8-8 

13 

Painters,  Decorators 

181,613 

9,617 

5-3 

17 

Plumbers 

64.968 

8,466 

130 

18 

Gasfitters 

17.116 

9,803     . 

57-3 

Taking  the  17,705  bricklayer,?  and  their  labourers  shown  in 
col.  (2)  as  an  example,  this  figure  included 

3,016  in  connection  "^-ith  iron  and  steel  manufacture, 
2,996  in  connection  with  coal  mining, 
2,544  in  railway  companies'  service, 
1,830  in  the  various  services  of  Local  Authorities, 
and 

788  in  iron  founding,  boiler  making  and  general  engineering 

and  machine  maldng  works. 

It  is  at  once  seen  that  the  statistics  given  in  the  Occupation 

tables  are  inevitably  a  very  unsafe  guide  as  to  the  number  of 

persons  in  a  given  occupation  engaged  in  a  particular  industr}'-, 

however   essential  to,   or   characteristic   of,   that  industry-  the 

occupation  in  question  may  be.     If  such  information  is  required, 

reference  must  be  made  to  Tables  28  and  29. 

y^j  ^  41.  Vol.  XI. — Infirmities. — The  statistics  as  to  the 

Totally  Bhnd,  Totally  Deaf,  Deaf  and  Dumb,  Lunatic, 

Imbecile  and  Feeble-minded  have  long  been  considered  to  be 

unrehable  and  the  question  upon  which  they  are  based  is  being 

dropped  in  the  forthcoming  Census.     It  need  only  be  said  that 

Ages,    Conditions     as     to     Marriage     and     Occupations     were 

tabulated  for  England  and  Wales,  and  totals  only  of  males  and 

females  in  the  case  of  certain  administrative  areas. 

^^,  jjj  42.   Vol.   XII. — Language   spolien   in    Wales   and 

Monmouthshire. — The  numbers  of  males  and  females 
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aged  3  and  upwards  returned  as  speaking  English  only,  AVelsh 
only,  both  EngUsh  and  Welsh,  or  other  Languages  are  tabulated 
for  each  Administrative  County,  Urban  District  and  Rural 
District  for  the  follo\nng  age-groups  : — 

3-5,  5-10,  10-15,  15-25,  25-45,  45-65,  65  and  over, 
vol.  xm.  '^^-  ^^ol.   XIII,   Ft.   I. —Fertility  of  Marriage.— 

^"' '  This  Volume  is   chiefly  occupied  by  Table   1   (333 

pages)  which  gives  for  each  duration  of  marriage,  and  each  age 
of  husband  and  vdie  at  the  Census,  the  number  of  couples,  the 
number  of  children  born  and  the  number  of  children  dead. 
The  table,  of  course,  relates  to  England  and  Wales  only.  Table  9 
is  of  definite  actuarial  interest  as  it  gives  relative  ages  of  husbands 
and  wives  irrespective  of  duration  of  marriage,  together  with 
the  age-distributions  of  widows  and  -sNidowers.  Table  6  affords 
similar  statistics  for  marriages  of  "  completed  fertility."  There 
is  a  considerable  amount  of  more  elaborate  tabulation. 

44.  The  promised  Part  2  in  which  the  data  are  to  be  examined 
in  relation  to  occupation,  birthplace,  number  of  rooms  occupied 
and  locahty  has  not  yet  appeared,  but  Dr.  Stevenson  has  delivered 
a  paper  before  the  Royal  Statistical  Society  entitled  "  The 
Fertility  of  Various  Social  Classes  in  England  and  Wales  from 
the  middle  of  the  Nineteenth  Century  to  1911  "  (J.R.S.S., 
Vol.  LXXXIII.  p.  401)  in  which  the  data  are  closely  examined. 
It  would  appear,  however,  that  the  possibihties  of  the  data  from 
an  actuarial  standpoint  have  not  yet  been  fully  explored. 
Reference  may  also  be  made  to  a  treatment  of  the  corresponding 
Scottish  data  by  the  methods  of  multiple  correlation,  a  description 
of  which  is  given  in  Volume  III  of  the  Report  on  the  Scottish 
Census. 

45.  General  Remarks  on  the  1911  Tabulation. — 
The  most  obvious  defect  in  this  tremendous  piece 
of  tabulation  is  the  lack  of  a  general  index.  It  is  conceivable 
for  example  that  it  might  be  desired  to  know  quickly  what  is 
tabulated  about  the  inmates  of  workhouses,  or,  in  the  more 
precise  phraseology  of  the  Census,  '"'  Pauper  Inmates  of  Work- 
house Estabhshments."  Unless  the  enquirer  is  really  famihar 
with  the  volumes,  it  would  take  some  little  time  to  find  out 
that  particulars  are  given  in  Volume  I,  Tables  16/17,  Volume  VII, 
Table  14  and  Volume  X,  Part  I,  Table  18.  This  scattering  of 
information  is,  of  course,  inevitable.  The  only  indexes  are 
Vol.  V,  to  which  reference  has  been  made  in  par.  10,  relating  to 
the  areas  for  which  tabulation  is  made  in  Vols.  I-IV,  and  Table  2, 

VOL.    LII.  2    D 


Lack  of 
Generil  Indes 


370  The  Census  of  1921.  [Apuil 

Vol.  X  which  is  an  alphabetical  list  of  the  occupational  headings 
adopted  in  the  tabulation.  There  is  thus  no  means  of  finding 
■out  without  a  close  scrutiny  what  is  tabulated  on  any  given 
subject.  There  is  at  the  beginning  of  each  volume  a  "  Table  of 
Contents  "  which  sets  out  in  numerical  order  the  headings  of 
the  various  tables  mthout  the  use  of  differential  print,  but  this 
is  clearly  inadequate.  A  further  general  index  to  the  valuable 
remarks  of  the  Registrar-General  in  the  General  Report  and  in 
the  Introductions  to  the  various  volumes  is  also  required,  and 
in  view  of  the  fact  that  publication  of  the  volumes  is  spread 
over  several  years  an  index  in  each  volume  to  the  introduction 
and  tables  does  not  seem  a  very  unreasonable  demand.  The 
index  to  any  volume  might  be  a  consolidated  index  for  that 
volume  and  previously  issued  volumes. 
^  _,,  46.  A  close  examination  of  the  headings  to  the 

Headings,  o 

printing.  <tc.  tables  shows  that  they  are,  almost  \\'ithout  exception, 
accurate  and  adequate,  though  in  places  perhaps  a  little  pedantic. 
It  is,  however,  submitted  that  the  style  of  type  adopted  leaves 
much  to  be  desired.  There  is  indeed  about  the  headings  a 
dignity,  a  freedom  from  ostentation,  accompanied  by  a  difficulty 
of  ready  comparison,  that  one  feels  has  descended  to  us  from  the 
earliest  days  of  the  Census.  There  can  be  no  doubt  that  a  much 
more  judicious  use  of  type  has  been  made  in  the  Scottish  Volumes. 
This  may  be  partly  due  to  a  less  ambitious  tabulation  and  to 
the  poHcy  of  relegation  of  detail  to  County  Volumes.  A\Tiere, 
indeed,  as  in  the  Occupation  Tables  in  the  Scottish  County 
Volumes,  compression  has  been  attempted  by  putting  Males  and 
Females  on  the  same  page,  the  tabulation  is  not  particularly 
effective.  However  that  may  be,  the  Scottish  tabulation  is 
undoubtedly  more  attractive  as  a  whole,  and  it  would  distinctly 
relieve  the  over-burdened  table  headings  if,  as  in  the  Scottish 
Census,  instead  of  printing  "  Census  of  England  and  Wales 
1911  "  at  the  head  of  each  page  in  each  volume,  the  heads  of 
alternate  pages  at  any  rate  were  utilized  to  indicate,  in  a  word 
or  so,  the  subject  of  the  tabulation  in  that  opening.  It  is 
perhaps  not  too  great  a  strain  on  the  imagination  to  leave  out 
the  heading  referred  to,  say,  on  every  other  page. 

47.  One  other  printing  defect  may  be  mentioned,  that  is, 
the  practice,  to  which  reference  has  already  been  made,  of 
printing  the  very  necessary  notes  on  the  tables  in  almost 
microscopic  type.  Important  notes  should  be  in  print  of  such  a 
size  and  character  that  nobody,  not  even  the  most  energetic 
reformer,  could  possibly  miss  them.     It  seems  beside  the  point 
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to  consider  saving  a  few  inches  of  space  in  connection  with  a 
tabulation  extending  over  several  thousand  pages. 

48.  Further  minor  suggestions  are  that  all  volumes  should 
be  numbered,  i.e.,  including  the  Summary  Volume  and  the 
General  Report,  and  that  some  definite  indication  that  they  are 
so  included  should  be  given  at  the  head  of  tables  which  are 
embodied  in  the  Summary  Volume.  The  Summary  Volume  is  of 
great  interest  in  that  it  brings  together  in  one  volume  all  the 
tables  relating  to  England  and  Wales.  It  does  not  appear  that 
there  is  the  same  case  for  including  in  the  volume  in  question 
further  tabulation  in  relation  to  administrative  and  other  areas, 
but,  if  this  is  deemed  to  be  essential,  a  volimie  relating  to 
England  and  Wales  only  would  appear  to  have  at  least  as  much 
justification  as  a  County  Volume. 

Duplication.  "^9.  There  is  undoubtedly  a  considerable  amount 

of  overlapping  and  duplication  of  statistics  in  the 
Census  Volumes,  arising  partly  from  the  complexity  of  local 
government  areas,  partly  from  the  number  of  attributes  in 
respect  of  which  tabulation  has  to  be  made.  It  will  be  found, 
however,  that  a  large  proportion  of  this  duphcation  is  un- 
avoidable, and  that,  while  differences  of  opinion  must  exist  as 
to  the  best  way  in  which  duphcation  can  be  minimized,  the 
compromises  made  in  the  tabulation  are  in  most  cases  eminently 
reasonable. 
General  50-  But  whcu  all  has  been  said  the  fact  remains 

Conclusion.  j.ia.  1  ii*ii*  i  •  r 

that  a  close  perusal  of  this  very  large  piece  of 
tabulation  gives  the  impression  of  an  undertaking  finely 
carried  out  by  people  who  have  evidently  given  very  close 
consideration  as  to  what  shall  be  tabulated  and  who  have 
clearly  taken  extraordinary  pains  to  do  their  work  as 
thoroughly  as  possible.  This  is  possibly  not  in  accordance 
with  the  somewhat  vague  idea  that  is  prevalent  that  in  some 
respect  or  other,  not  very  precisely  defined,  the  presentation  of 
the  results  of  the  Census  is  defective  or  perhaps  that  a  good  deal 
more  could  be  tabulated  on  the  basis  of  the  existing  House- 
holder's Schedule.  But  it  is  submitted  that  the  \'iew  put 
forward  is  not  remarkable.  WTien  a  piece  of  work  has  been 
done  a  considerable  number  of  times  extending  over  120  years, 
and  has  been  in  charge  of  a  series  of  extremely  able  Registrars- 
General,  at  least  one  of  whom  contributed  to  the  development  of 
our  methods  of  deahng  with  population  statistics,  it  is  only 
reasonable  to  expect  that  a  tradition  and  technique  would  grow 
up.     If  certain  points  of  view,  such  as  the  actuarial,  have  been 
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overlooked,  more  especially,  it  must  be  insisted,  in  the  House- 
holder's Schedule,  the  omissions  need  not  necessarily  be  ascribed 
to  "  official  inertia  '',  but  rather  to  a  Victorian  tradition  that 
the  less  the  State  interfered  in  matters  the  better  for  all 
concerned,  ^sith.  its  natural  consequence  of  a  slow  development 
of  public  opinion  in  matters  that  affect  the  actuary  and  the 
statistician. 

(iii)  Tabulatiox  of  Neav  Data  as  to  Orphanhood  and 
Dependency. 

orphanhocd.  ^1-  The  information  that  will  be  available  for 

each  child  under  15  will  be  •whether,  Both  parents 
alive,  Father  dead,  Mother  dead,  or  Both  parents  dead.  It 
will,  of  course,  be  impossible  to  deal  with  orphan  children  from 
the  point  of  ^iew  of  recording  particulars  of  complete  families, 
as  all  such  children  in  each  family  will  not  necessarily  be  included 
in  the  same  Householder's  Schedule.  It  appears,  therefore, 
that  the  only  tabulation  that  can  usefully  be  made  is  one 
showing  the  total  number  of  children  in  each  of  the  above  classes 
for  each  age  from  0  to  14.  Tabulation  will  presumably  be 
made  for  England  and  Wales  and  for  the  administrative  areas 
for  which  condition  as  to  marriage  is  tabulated.  The  form  of 
tabulation  is  obvious. 

Dependency.  ^--  The  uew  particulaxs  in  regard  to  dependency 

are  also  of  great  interest  to  the  actuary  in  view 
of  their  importance  in  relation  to  pension  and  other  cognate 
problems.  In  the  treatment  by  the  collective  method  of  such 
problems  as  the  insuring  of  an  allowance  to  a  widow  and 
children,  we  require  to  know,  in  addition  to  the  data 
that  the  last  Census  provided  as  to  proportion  of  married 
men  at  each  age  and  relative  ages  of  husbands  and  wives, 
the  average  number  of  children  of  each  age  in  relation 
to  the  age  of  father  (married  men  and  widowers  being 
separately  dealt  with)  and  similar  information  for  widows. 
In  the  case  of  a  non-insurance  scheme,  the  annual  cost  of  pro- 
viding a  widow  with  an  allowance  for  each  of  her  children  could, 
of  course,  be  obtained  from  a  mere  tabulation  of  numbers  without 
reference  to  ages,  miless  such  elements  as  the  duration  of  pension 
entered  into  the  problem.  For  example,  the  widow's  owm 
allowance  might  cease  when  the  youngest  child  reached  age  16, 
in  which  case  some  knowledge  of  the  ages  of  the  children  would 
be  necessary.  Again,  if  the  pension  varied  according  to  the  size 
of  family  a  tabulation  according  to  size  of  family  would  be 
required.     A  further  possibility  is  the  amendment  of  the  law 
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relating  to  Workmen's  Compensation  by  the  substitution  of 
pensions  for  lump  sums  in  cases  of  fatal  accidents.  The 
Departmental  Committee  on  Workmen's  Compensation  recom- 
mends in  pars.  56,  57  and  58  of  their  Report  (Cmd.  816)  that 
when  the  total  dependants  of  a  deceased  workman  include  a 
widow  and  children,  the  ^^^dow's  compensation  should  be  a 
lump  sum,  but  that  compensation  to  children  under  the  age  of 
15  should  take  the  form  of  individual  weekly  allowances.  It  is 
proposed  that  the  liability  in  respect  of  children  should  be 
dealt  with  through  a  central  fund  to  which  a  capital  payment  of 
£500  should  be  paid  in  respect  of  each  death  where  a  family  is 
left,  regardless  of  the  number  of  children  in  the  family.  It  is 
suggested  that  the  capital  payment  should  be  revised  trienniaUy. 
It  is  clear  that  an  analysis  of  the  new  data  as  to  dependency  in 
regard  to  the  occupation  of  the  father  would  be  of  the  greatest 
value  in  connection  with  the  worldng  of  the  suggested  central 
fund,  and  in  the  assessment  of  the  premium  required  to  cover 
the  employer's  liability  for  the  capital  payment. 

53.  The  data  available  will  be  the  number  and  ages 
of  all  children  and  step-children  under  16,  in  respect  of 
each  married  man,  A\"idower  or  widow,*  and  it  appears  that  the 


Suggested 
tabnlation 


*  The  following  extract  from  the  Provisional  Census  Regulations  shows  the 
form  in  which  the  question  will  be  asked  : — 


NAME 

ASD 

SURNAME. 

Information  required  only  in  respect  of  Married  Men, 
Widowers  and  Widows. 

Number  and  ages  of  all  living  children  and  step  children 
under  16  years  of  age,  whether   enumeiated  on  this 
Schedule  or  not,  i.e.,  whether  residing  as  members  of 
this  household  or  elsewhere. 

Total       ; 

under              ^°''  S'lcli  child  place  a  X  in  the  column 
sixteen                           corresponding  to  its  age. 
\-ears  of 

age.            The  number  of  crosses  should  be  the  same 
If  none               as  the  number  shown  in  Column  («). 
write 
"  None." 

(n)                                                   (o) 

^-j^jjgj.                          Act:  LAST  Birthday.                        | 

One 

2     3     4 

5 

>i 

7     8 

9 

10 

11 

12  13 

14 

15 

1 
1 

1 

; 
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following  tables  should  be  prepared  for  England  and  Wales  :— 

{a)  For  the  married  men  of  each  age  there  should  be  shown 

the  total  numbers  having  0,  1.  2, children  respectively 

under  age  16,  and  for  each  size  of  "  family  "  there  should  be 
given  the  total  numbers  of  children  of  each  age,  and  also  of 
the  youngest  children  of  each  age.  Similar  tables  should  be 
prepared  for  widowers  and  widows. 

(6)  The  age  of  the  wife  has  an  important  bearing  on  the 
problems  mentioned  above,  and  it  is  therefore  suggested  that, 
where  husband  and  wife  can  be  identified  on  the  same  schedule, 
the  above  particulars  as  to  dependent  children  should  be  further 
tabulated  in  relation  to  the  ages  of  husband  and  wife  jointly. 
In  order  to  reduce  the  number  of  tables  it  would  be  sufficient  if 
this  tabulation  were  made  for  quinquennial  age-groups. 

(c)  Where  husband  and  wife  can  be  identified  on  the  same 
Schedule,  it  would  be  of  great  value  if  the  data  could  be  tabulated 
in  relation  to  the  ages  of  the  mothers,  in  the  same  way  as  is 
suggested  in  (o)  above  for  married  men. 

The  following  form,  with  appropriate  variations  in  the 
heading,  indicates  the  tabulation  suggested  under  (a),  (6)  and  (c) 
above. 

Age  of 


Number  of 

Children 

under  16 

years  of 

age 

Number  of 
Families 

Number  of  Youngest 
Children  aoed 

Number  of  Children 

AGED 

Total      ! 
number  of  i 
Children 

0        1          —         15 

0        i          —         15 

0 

1 

1 

2 

1 

3 

I 

4 

5 

6 

7 

i 

8 

9 

10  or 

over. 

1 

Total 

{d)  There  is  further  the  problem  of  dependency  in  relation 
to  occupation.  It  is  suggested  that  it  is  unnecessary  to  consider 
the  age-distribution  of  the  children  in  this  connection  as  it  is 
unlikely  that  this  will  vary  for  different  occupations  where  a 
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father  of  given  age  has  a  family  of  a  given  size.  It  would 
therefore  appear  to  be  sufficient  to  prepare  tables  for  certain 
occupational  groups  showing  the  number  of  "  families  "  of  each  size 
according  to  the  age  of  the  father  (in  the  case  of  married  men). 
Probably  "  sub-orders  '",  especially  if  modified  as  suggested  in 
par.  30,  would  be  the  most  suitable  basis  for  the  occupational 
grouping. 

54.  In  this  connection  reference  may  be  made  to 
ff^hnabL^/s"  the  subject  of  relative  ages  of  husbands  and  wives, 
and  wives.         j^^  ^^^  ^^^-^  Ceusus  this  iuformatlou  was  tabulated 

in  Table  9  of  Volume  XIII,  Pt.  1,  which  dealt  with  Fertility. 
The  question  relating  to  Fertility  has,  as  explained  above,  been 
taken  out  of  the  schedule,  but  it  is  of  course  very  essential  that 
the  relative  ages  of  husbands  and  wives  by  individual  ages 
should  still  be  tabulated  where  they  can  be  identified  on  the  same 
schedule.  An  important  question  arises  as  to  these  relative 
ages  in  relation  to  occupation,  and  it  would  be  of  great  interest 
if  an  experimental  tabulation  were  made  for  a  few  selected 
homogeneous  occupational  headings,  in  addition  to  the  tabulation 
for  England  and  Wales  as  a  whole. 

Conclusion. 

55.  It  is  not  of  course  claimed  that  the  foregoing  remarks 
exhaust  the  subject  of  the  tabulation  of  the  Census  statistics 
for  England  and  Wales.  The  paper  is  submitted,  as  explained 
at  the  outset,  as  a  basis  for  discussion  for  the  purpose  of 
eliciting  actuarial  opinion  on  the  general  subject,  and  on  the 
special  subject,  which  is  of  course  of  direct  interest  to  the  actuary, 
of  the  tabulation  of  the  new  data  in  relation  to  orphanhood 
and  dependency.  On  the  general  question  it  should  be  explained 
perhaps  that  the  subject  was  originally  approached  with  the 
traditional  prejudice  appropriate  to  any  examination  of  official 
statistics,  and  without  any  particular  reverence  for  existing 
institutions.  As  will  be  seen,  the  conclusion  arrived  at  is  that 
the  tabulation  has  been  carried  out  in  a  thorough  and  painstaking 
manner,  and  that  with  slight  exceptions  the  most  has  been  made 
of  the  data  provided  by  the  Householder's  Schedule.  The 
subject,  for  example,  of  the  improvement  or  modification  of  the 
precise  form  in  which  the  questions  have  been  put  in  the  past 
has  not  been  touched  upon,  the  object  having  been  to  take  the 
Schedule  as  it  was  in  1911  and  to  see  whether  the  tabulation 
based  upon  it  could  be  criticized  rather  than  to  explore  the  whole 
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subject  of  census  taking.  It  is,  of  course,  very  desirable  that 
the  tabulation  for  Scotland  and  Ireland  shoidd  be  co-ordinated 
as  far  as  possible  with  that  for  England  and  Wales.  A  full 
discussion  of  this  point,  however,  would  require  some  account 
of  the  volumes  relating  to  Scotland  and  Ireland,  and  would 
involve  a  considerable  addition  to  a  somewhat  lengthy  paper. 
It  was  accordingly  decided  not  to  deal  with  this  subject.  It  is 
hoped  that  a  due  proportion  of  any  dullness  in  the  mode  of 
treatment  of  the  subject  of  tabulation  will  be  ascribed  to  the 
subject  itself. 


Abstract  of  the  Discussiox. 

jIr.  S.  J.  GUNNIXGHAM  said  that  questions  relating  to  the 
Census  had  been  considered  by  the  Institute  on  two  or  three  previous 
occasions — although  naturally  at  rather  long  intervals  since  the 
Census  occurred  only  every  ten  years — and  it  might  not  be  out  of 
place  to  note  that  three  at  least  of  the  suggestions  made  in  Sir  Gerald 
Ryan's  paper  had  been  adopted,  namely,  the  publication  of  ages  in 
detail,  the  permanent  provision  for  the  Census,  and  (not  the  least 
important)  the  jirovision  of  tabulating  machinery  for  getting  out 
the  results. 

With  regard  to  the  Householder's  Schedule  he  thought  that  the 
employment  question  was  one  of  the  least  likely  to  be  satisfactorily 
answered,  because  it  might  be  regarded  as  being  of  a  somewhat 
inquisitorial  natme.  The  fertility  question  had  disappeared,  but 
i!i  its  place  there  was  a  question  designed  to  bring  out  the  number  of 
children  under  sixteen  years  of  age.  and  the  number  of  parents  living. 
Passing  to  the  volumes,  he  believed  that — speaking  generally — 
actuaries  were  not  interested  in  the  first  four  volumes.  With  regard 
to  the  Parliamentary  areas,  the  author  had  perhaps  forgotten  the 
effect  of  the  new  Representation  of  the  People  Act.  On  reference 
to  the  schedule  to  that  Act  it  would  be  found  that  the  Parliamentary 
areas  for  the  boroughs  were  based  in  every  case  on  wards,  which  were 
administrative  areas,  but  the  Parliamentary  area  for  the  county  was 
based  on  parishes,  and  in  several  cases  the  Rural  District  Council 
was  divided,  one  part  going  into  one  Parliamentary  area  and  another 
part  into  another.  That  made  a  distinction  between  Registration 
and  ParUamentary  areas.  Nor  was  any  provision  made  in  the  Act 
for  keeping  abreast  of  alterations  which  might  subsequently  be  made 
in  administrative  areas,  and  perhaps  it  would  have  been  well  if 
some  provision  had  been  made  for  that.  The  volumes  deahng  with 
buildings  of  various  kinds  were,  perhaps,  the  least  interesting  to  most 
people,  and  yet  had  the  information  been  given  in  a  somewhat 
fuller  form  in  the  introduction  to  the  volume  it  might  have  served  a 
more  useful  purpose.  In  the  introduction  to  that  volume  was  a 
table  giving  the  number  of  houses,  and  also  the  number  of  houses 
building  at  the  particular  moment  when   the    Census   was   taken 
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What  one  would  like  to  have  would  be  the  number  of  houses  built 
during  the  preceding  decennium.  Every  local  authority  had  to  pass 
plans,  and  presumably  had  some  record,  and  it  should  not  be  a 
very  difficult  matter  for  those  records  to  be  collected.  For  the 
condemned  houses  it  would  only  be  necessary  to  apply  to  the  large 
towns  for  the  numbers.  He  thought  if  that  were  done,  and  some 
correction  apj^lied  for  any  variation  in  distribution  of  ages  at 
marriage,  a  fairly  reasonable  estimate  might  be  made  of  the  number 
of  houses  required.  He  supposed  few  would  imagine  that  a  million 
new  houses  were  required,  or  possibly  even  500,000.  In  Vol.  vii, 
the  first  volume  which  actuaries  were  keenly  interested  in,  was 
given  the  age-by-age  distribution  of  marriages,  male  and  female  ; 
that  was  done  for  the  first  time  in  1911,  and  one  or  two  questions 
arose  which  for  want  of  further  information  it  was  not  possible  to 
answer.  One  was  the  distribution  of  the  numbers  living  in  the 
female  table,  ages  20  to  30.  Two  suggestions  had  been  made  to 
account  for  that — one,  migration  into  this  country  from  Scotland 
and  Ireland,  and  the  other  incorrect  statement  of  age.  In  1914, 
the  Royal  Commission  on  the  Resources  of  the  British  Dominions 
when  investigating  the  question  of  how  many  females  of  a  marriage- 
able age  were  available  for  emigration  from  the  country,  in  view  of 
the  deficiency  of  females  in  the  Colonies,  assumed  that  the  abnormal 
distribution  at  ages  20  to  30  was  due  to  migration.  It  seemed  to 
him  that  in  the  present  Census  it  would  be  possible  to  go  some  way 
towards  determining  whether  the  distribution  was  due  to  migration 
or  understatement  of  age,  or  to  both. 

The  question  of  fertility  had  been  treated  at  some  length  recently. 
The  Scottish  authorities  published  for  numbers  of  families  the  age 
■of  the  wife  and  husband  at  marriage  and  the  duration  of  the  marriage, 
but  were  unable  to  publish  the  number  of  children  born,  owing  to 
tabulation  difficulties.  The  English  authorities  gave  the  number  of 
married  couples,  the  number  of  children  born  and  the  number  of 
children  dead,  according  to  ages  of  wife  and  husband  and  duration 
of  marriage.  In  considering  mortality,  one  did  not  think  of  the 
number  of  persons  alive  ten  years  ago  and  the  corresponding  number 
alive  at  ])resent,  but  rather  of  the  rate  of  mortality.  The  corresponding 
function  for  fertihty,  he  thought,  would  be  the  issue  rate.  In  1911 
the  duration  of  marriage  was  given,  and  for  that  year  at  all  events 
it  should  have  been  possible  to  calculate  the  issue  rate.  For 
the  present  Census  it  could  not  be  done,  because  the  duration  of 
marriage  was  not  one  of  the  questions  on  the  schedule.  Had  that 
question  been  asked  in  addition,  the  issue  rate  would  have  been 
obtained  this  year  and  could  have  been  compared  with  that  of  ten 
years  ago.  In  connection  with  the  duration  of  marriage  (English 
figures),  out  of  the  total  of  about  6,000,000  marriages  the  duration 
under  one  year  was  considerably  less  than  the  duration  between 
■one  or  two,  and  the  duration  between  ten  and  eleven  more  tlian  the 
duration  on  either  side.  A  similar  feature  occurred  in  the  age 
statistics. 

Mr.  E.  H.  brown  ajireed  with  the  author's  conclusion  that  the 
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tabulation  had  been  carried  out  in  a  very  thorough  manner,  and  that, 
with  slight  exceptions,  the  most  had  been  made  of  the  data  afforded 
by  the  Householder's  Schedule.  During  the  past  year  he  had  been 
engaged  in  tabulating  new  business  by  means  of  the  Power's  cards, 
and  in  dealing  with  occupations  he  had  found  it  necessary  to  decide 
on  some  method  of  grouping  that  would  give  the  best  results  and 
vet  be  easy  to  work.  The  23  orders  into  which  the  population  was 
divided  in  the  Census  return  appeared  to  be  the  most  suitable,  as 
he  had  the  advantage  of  the  index  of  occupations  to  guide  him  in 
the  classification.  So  thoroughly  had  that  index  been  prepared 
that  he  had  only  about  160  queries,  which  was  little  more  than 
1  per-cent  of  the  total  number  dealt  with.  Another  advantage  of 
the  Census  classification  was  the  limitation  of  the  number  of  the 
orders  to  less  than  29,  which  was  the  largest  nuniber  of  groups  that 
could  easily  be  recorded  in  one  column  of  the  Power's  card.  As 
there  was  room  on  the  card  for  six  additional  orders,  he  would  venture 
to  suggest  a  slight  re-arrangement  in  the  tabulation.  Orders  6 
and  20  dealt  with  about  1,400,000  persons  each,  and  he  would 
suggest  that  Order  6  should  be  divided  into  three  new  orders — 
mechanical  transport  on  railways  and  on  roads,  horse  transport  and 
water  transport.  He  thought  it  would  be  found  that  those  three 
orders  would  experience  light,  normal  and  heavy  mortality  respec- 
tively. In  a  similar  manner  he  hoped  that  Order  20  could  be  split 
into  two  new  orders  by  separating  the  makers  of  and  dealers  in 
spirituous  drinks  from  dealers  in  food  and  tobacco.  If  that  could 
be  done  there  would  be  then  26  orders,  of  which  six  would  be  subject 
to  light  mortality,  four  to  heavy  mortality  and  the  remainder  to 
normal  mortality.  He  might  explain  that  he  had  taken  light 
mortality  to  be  a  rate  not  greater  than  80  per-cent  of  the  mean 
death  rate  for  all  occupations,  and  heavy  mortality  a  rate  at  least 
20  per-cent  greater. 

The  new  method  of  asking  for  age  in  years  and  months  was  to 
his  mind  a  step  in  the  riglit  direction  and  should  have  the  effect  of 
correcting  the  tendency  to  the  use  of  numbers  ending  in  0  and  5  in 
giving  the  "  age  last  birthday  ",  but  tliere  could  be  no  doubt  that 
sooner  or  later  the  cpiestion  would  be  recast  so  as  to  ask  for  the  year 
and  month  of  birth. 

The  author  gave  the  welcome  information  that  the  (juestion  as 
to  infirmity  was  to  be  omitted  in  the  coming  Census.  He  thought 
that  the  Institute  could  claim  some  of  the  credit  for  that  deletion, 
since  Sir  Joseph  Burn  in  the  course  of  his  Chadwick  Lecture  on 
Vital  Statistics  in  1914  strongly  urged  that  such  questions  should 
be  omitted,  leaving  the  information  to  be  obtained  from  other  and 
more  reliable  sources.  For  that  reason  it  was  to  be  regretted  that 
the  question  as  to  marital  condition  had  been  enlarged  by  the 
inclusion  of  divorce.  Probably  many  divorced  persons  would 
continue  to  describe  themselves  as  unmarried  or  widowed  according 
to  their  age  and  inclination. 

Mr.  S.  p.  VIVIAN  thanked  the  members  of  the  Institute  for 
having  invited  his  colleagues  and  himself  to  come  that  evening,  and 
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the  President  for  the  cordial  iiianiier  in  which  he  had  welcomed 
them.  He  had  read  the  paper  with  very  great  interest,  particularly 
as  the  author  had  evidently  made  himself  familiar  with  the  large 
number  of  volumes  comprised  in  the  Census  reports,  and  the  natural 
suspicion  with  which  he,  like  other  critics,  had  approached  them  had 
given  place  to  a  more  just  appreciation  that  on  the  whole  they  were 
thoroughly  and  carefully  prepared.  As  he  himself  had  had  no  part 
in  the  preparation  of  those  volumes,  he  might  perhaps  be  pardoned 
for  endorsing  that  opinion.  On  the  other  hand,  it  was  not  pretended 
for  a  moment  that  the  Census  reports  were  perfect,  and  the  Office 
would  value  the  contents  of  the  paper  and  anything  which  was 
said  in  the  discussion  if  it  would  help  the  Office  to  make  the  Census 
reports  of  1921  of  more  use  to  the  actuarial  profession. 

The  paper  dealt  with  tabulation,  which  was  the  last  stage  in 
the  preparation  of  the  Census,  and  it  was  due  to  the  Institute  to 
explain  some  of  the  previous  operations,  because  he  took  the  view 
of  his  office  that  he  was  a  trustee  of  the  important  Census  machinery 
for  all  those  who  were  consumers  of  Census  statistics,  and  he  would 
like  to  indicate  some  of  the  difficulties  that  had  been  encountered 
and  some  of  the  progress  that  had  been  made.  In  the  first  place, 
reference  had  been  made  to  legislation.  An  Act  of  Parliament  had 
always  been  necessary  because  a  Census  placed  certain  obligations 
on  certain  members  of  the  population  to  reply  to  certain  questions, 
and  up  to  recently  a  separate  Act  of  Parliament  was  passed  for  every 
Census  ;  it  came  into  being  a  short  time  before  the  Census  and 
concluded  when  the  Census  was  finished.  The  Census  Act  of  1920 
was  a  permanent  Act  providing  for  all  future  Censuses,  and  that  was 
an  important  step  forward,  as  it  enabled  successive  Censuses  to  be 
regarded  from  a  statutory  point  of  view  as  links  in  a  successive  series 
of  statistical  operations  ancl  not  as  a  series  of  isolated  and  independent 
operations.  The  next  thing  was  that  the  Act  of  1920  provided  for 
a  (juinquennial  Census,  which  was  again,  he  ventured  to  suggest, 
an  object  that  had  been  sought  for  some  time.  As  the  Act  was  a 
permanent  one  it  followed  that  the  Act  itself  could  not  lay  down 
what  was  necessary  in  every  Census,  for  the  reason  that  it  was 
impossible  to  foresee  what  sort  of  enquiries  would  be  necessary  in 
the  future.  Some  elasticity  was  therefore  necessary,  and  the  Act 
provided  that  the  particulars  of  the  enquiries  to  be  included  in  the 
Census  schedule  on  any  particular  occasion  should  be  such  as  were 
prescribed  by  an  Order  in  Council,  and  the  Act  gave  considerable 
})owers  as  to  the  limits  within  which  enquiries  could  be  included  by 
Orders  in  Council.  There  were  specific  items  which  might  be 
included  without  the  ordinary  opportunity  of  Parliament  to  challenge 
the  Order,  and  an  important  sweeping  clause  provided  that 
enquiries  of  a  very  large  range  dealing  with  the  social  and  civit 
condition  of  people  might  be  included,  subject  to  confirmation  by 
Parliament. 

With  regard  to  the  quinfpiennial  provision,  he  thought 
the  Office  could  not  be  expected  to  avail  itself  of  the  power  of 
taking  a  Census  five  years  from  the  present  time  unless  either  the 
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opinion  of  Parliament  and  the  public  became  far  more  convinced 
of  the  importance  of  statistics  to  the  extent  of  facing  the  very  heavy 
expenditure  involved,  or  the  expense  of  Census  taking,  which  was 
very  great,  was  reduced.  That  appeared  to  him  to  be  the  line  of 
concentration,  and  every  effort  Avould  be  made  to  secure  that  the 
machinery  for  Census  taking  was  reduced  by  organization  to  a  cost 
which  would  make  it  possible  for  the  Office  to  avail  itself  in  futm-e 
of  the  power  to  take  a  Census  every  five  years.  There  was  now  full 
legislative  equipment  but  the  Office  had  yet  to  obtain  full  adminis- 
trative equipment.  With  regard  to  the  1921  Census,  the  paj^er 
dealt  really  with  the  outcome  of  a  long  series  of  processes  which  it 
might  be  convenient  to  explain  as  showing  the  steps  which  were 
taken.  Reference  was  made  to  the  question  of  co-ordination.  The 
Census  authorities  were  national — there  was  one  for  England  and 
Wales,  another  for  Scotland  and  another  for  Ireland,  and  it  had 
been  a  frequent  and  not  unnatural  ground  of  complaint  that  the 
Census  reports  of  those  authorities  were  not  always  in  as  close 
uniformity  and  co-ordination  as  they  might  be.  The  Office  had  done 
the  best  it  could.  A  joint  committee  was  appointed  consisting  of 
one  representative  of  each  to  take  general  supervision  of  the  Census 
arrangements,  and  that  body  had  been  the  basis  of  all  subsequent 
operations.  Sub-committees  were  formed,  which  examined  for 
the  United  Kingdom  as  a  whole  the  various  suggestions  falling 
within  a  certain  subject  matter.  By  way  of  an  example  of  the  work 
which  the  sub-committees  did,  he  would  like  to  refer  to  the  difficult 
subject  of  occupation  and  industry,  which  had  been  touched  upon 
that  evening.  He  made  no  apology  for  saying  that  he  did  not  think 
the  Office  was  now  satisfied  with  the  results  of  the  occupation  and 
industry  side  of  the  last  Census  reports.  The  work  was  experimental 
and  was  a  subject  of  extreme  difficulty.  For  that  reason  an  attempt 
had  been  made  to  deal  with  it  as  thoroughly  as  possible,  and  there 
had  been  collected  a  small  body  of  persons,  representing  certain 
Government  Departments,  which  was  in  a  position  to  make  u.se  of 
very  considerable  resources,  to  set  to  work  and  make  classifications 
on  the  one  hand  of  occupations  and  on  the  other  hand  of  industries. 
That  work  was  now  completed  and  the  Census  Office  would  follow  and 
subsequently  publish  the  two  classifications.  In  addition  there 
would  be  published  a  very  comprehensive  glossary  of  occupations 
which  he  thought  could  not  but  be  of  great  advantage  to  anyone 
who  dealt  with  the  subject.  A\1iat  was  even  more  important,  the 
great  Departments  that  subscribed  to  the  work,  the  Board  of  Trade, 
the  Home  Office,  &c.,  had,  with  trifling  exceptions,  undertaken 
to  use  the  classifications  in  their  own  statistics.  So  that  it  might 
be  taken  that  on  those  important  subjects  all  the  Government 
statistics  issued  in  the  future  would  be  directed  to  a  common 
system  of  classification  which  would  enable  them  to  be  collated  and 
used  together.  On  that  point  he  would  like  to  refer  to  a  matter 
which,  perhaps  incorrectly,  was  noted  in  the  paper.  He  thought 
the  author  assumed  that  the  enquiry  as  to  occupation  and  industry 
was  directed  particularly  to  unemployment,  which  was  bulking  very 
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largely  at  the  present  time.  That  was  not  reaUy  so.  The  matter 
was  included  at  a  time  when  unemployment  was  not  what  it  was  at 
present.  At  any  particular  time  there  were  certain  persons  un- 
employed, and  as  the  industrial  classification  of  the  individual  was 
obtained  with  his  employer's  name  and  business,  a  man  who  was 
not  for  the  time  being  employed  would  be  omitted  from  the  industrial 
classification  if  the  question  was  merely  limited  to  his  present 
employment.  It  was  thought  desirable,  therefore,  to  extend  the 
cjuestion  to  a  person  who  was  unemployed,  so  as  to  obtain  particulars 
of  his  previous  employer  and  that  employer's  business,  at  the  same 
time  earmarking  the  man  so  that  if  necessary  he  could  be  excluded 
from  any  industrial  classification  in  which  it  was  necessary  to  dis- 
criminate between  the  total  man  power  of  the  industry  for  the  time 
being  and  those  who  represented  in  any  sense  a  margin  of  non- 
effectives. The  Cjuestion  was  not  directed  to  eliciting  particulars 
of  unemployment,  but  merely  to  enabling  the  Office  to  complete 
the  industrial  classification  with  that  limitation. 

There  were  just  one  or  two  points  he  noted  in  the  speeches  of 
previous  speakers  to  which  he  would  like  to  refer.  With  regard  to 
age  in  years  and  months,  the  matter  was  debated  very  long  and 
earnestly  as  to  whether  an  attempt  should  be  made  to  get  the  age 
by  reference  to  the  year  and  month  of  birth,  but  it  was  found  that 
instructed  opinion  was  not  cpiite  so  unanimous  as  to  the  superiority 
of  that  as  compared  with  the  other.  The  year  and  month  had  been 
included  in  order  to  get  people  to  address  themselves  more  particu- 
larly to  what  they  were  talking  about  and  to  be  more  careful  than 
they  had  been  in  the  past.  The  opener  of  the  discussion  had  referred 
to  the  difficulty  in  regard  to  areas.  The  Redistribution  Commission  of 
1918,  established  in  connection  with  the  Representation  of  the  People 
Act,  so  arranged  that  electoral  areas  were  co-terminous  with  the 
administrative  areas  at  that  time.  The  registration  officer  was  the 
officer  of  the  local  authority  for  the  Council  or  the  Parliamentary 
Borough.  In  the  period  that  had  ela^jsed  since  then  they  had 
departed  from  grace.  The  usual  process  was  that  the  administrative 
borough  enlarged  its  boundary  and  the  Parliamentary  constituency 
stayed  where  it  was.  So  that  once  more,  notwithstanding  the 
evidence  of  1918,  there  was  the  difficulty  of  overlapping  areas.  It 
was  only  to  be  hoped  that,  in  the  course  of  re-construction  in  con- 
nection with  local  government,  those  things  might  be  put  straight — 
at  any  rate,  it  would  not  be  for  want  of  appreciation  of  the  difficulty 
or  desire  on  the  part  of  the  authorities. 

The  Office  was  very  grateful  for  the  help  of  the  Institute,  and  was 
very  anxious  to  make  the  Census  as  useful  to  everybody  as  it  could 
be  made.  It  would  not  be  an  epoch-making  Census,  except  in  the 
sense  that  it  came  at  a  time  which  was  a  distinct  epoch  after  so  great 
a  war.  It  comprised  some  important  new  enquiries,  the  dependent's 
enquiry  which  the  actuarial  profession  had  put  forward,  and  another 
enquiry,  which  in  his  view  was  very  important,  the  place  of  work. 
Those  were  two  big  enquiries  and  entirely  new.  With  the  improved 
arrangements  with  regard  to  occupation  and  industry,  he  thought 
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it  was  possible  to  look  with  complacency  upon  the  efforts  which  had 
been  made  to  secm'e  that  the  questions,  if  not  the  results,  were  as 
good  as  could  be  arranged. 

Mr.  W.  p.  ELDERTOX  said  that  while  he  agreed  with  the 
author  that  the  tabulation  of  the  data  in  the  published  volumes  was 
on  the  whole  very  satisfactory,  he  hoped  arrangements  would  be 
made  whereby  that  tabulation  was  not  altered  from  Census  to 
Census,  as  such  changes  made  comparisons  between  successive 
Census  periods  very  difficult.  With  regard  to  the  omission  of  the 
fertility  question  and  the  inclusion  of  a  new  question,  he  imagined 
that  the  reason  for  that  was  that  for  some  financial  purpose  the  new 
question  was  essential  and  that  there  was  not  room  for  both.  At 
any  rate,  he  hoped  that  was  the  reason,  because  it  implied  something 
temporary  which  could  be  changed  at  another  Census.  He  admitted 
that  the  old  question  required  modification,  but  felt  sure  that  some 
question  of  the  kind  ought  to  be  in  each  Census.  The  excu.se 
indicated  by  the  author  for  the  omission  of  the  question  was  :  "It 
"  must  be  remembered  that  the  effects  of  the  war  on  statistics  of 
"  this  character  would  undoubtedly  tend  to  vitiate  any  conclusions 
"  that  might  be  drawn  from  similar  data  collected  at  the  coming 
"  Census."  He  should  have  thought  that  the  effect  of  the  war  was 
one  of  the  reasons  why  the  fertility  question  should  be  in.  After 
all,  fertility  lay  at  the  basis  of  almost  every  social  statistical  study. 
He  might  suggest  to  the  author  that  perhaps  a  slight  improvement 
of  the  wording  might  be  made,  as  follows  :  "It  must  be  remembered 
"  that  the  effects  of  the  war  on  statistics  of  this  character  might  tend 
"  to  vitiate  conclusions  that  might  be  drawn  by  careless  statisticians." 

Mr.  H.  H.  WOLFEXDEX  expressed  his  appreciation  of  the 
courtesy  of  the  Institute  in  extending  to  him,  as  a  Fellow  of  the 
Actuarial  Society,  an  opportunity  of  taking  part  in  the  discussion 
of  Mr.  Menzler's  paper.  The  general  subject  of  population  statistics 
was  of  great  interest  to  him,  in  view  of  a  paper  on  the  work  of  the 
United  States  Census  Bureau,  which  he  read  before  the  Actuarial 
Society  of  America  a  few  years  ago,  and  which  appeared  in  vol.  xviii. 
of  the  Transactions  of  that  Society.  The  conditions  under  which  the 
Census  was  taken  in  both  the  United  States  and  Canada,  however, 
were  of  com-se  very  different  from  those  of  this  country,  and  in  any 
comparison  of  British  and  American  methods  it  was  most  important 
to  bear  those  differences  in  mind.  For  example,  the  author,  in 
discussing  the  Householder's  Schedule,  as  used  in  Great  Britain, 
expressed  an  apparently  general  disapproval  of  a  Census  taken  "  by 
enumerators  upon  the  American  model."  The  less  expensive 
householder  method  was,  of  course,  to  be  preferred  where,  as  in  Great 
Britain  and  similar  countries,  it  could  be  so  operated  that  serious 
omissions  of  information  did  not  occur  ;  but  in  Canada  and  the 
United  States  the  enumerator  system  had  been  retained  after  very 
careful  consideration  and  experiment,  because  of  the  scattered 
nature  of  some  portions  of  the  population  and  the  large  numbers  of 
foreign  and  coloured  stock.  As  a  further  illustration  of  the  difference 
in  conditions,  it  might  be  of  interest  to  state,  in  connection  with 
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the  author's  reference  to  the  subject  of  a  quinquennial  Census,  that 
in  Canada,  b\'  reason  of  the  waves  of  immigration  and  the  consequent 
violent  fluctuations  in  the  population  movement,  it  had  been  found 
necessary  to  take  a  quinquennial  Census,  since  1901,  in  the  three 
Prairie  Provinces  of  Manitoba,  Saskatchewan  and  Alberta.  He 
liad  had  reason  to  appreciate  the  value  of  those  quinquennial  figures 
in  connection  with  an  investigation  upon  which  he  had  recently  been 
engaged,  for  the  Dominion  Statistician,  upon  the  subject  of  post- 
censal  population  estimates  ;  and  that  work  had  also  emphasized 
the  desirability  of  extending  the  quinquennial  system  to  British 
Columbia,  where  again  the  population  growth  was  very  difficult  to 
estimate  over  a  ten-year  period. 

It  was  not  at  all  surprising — although,  at  the  same  time,  it  was 
reassuring — to  find  that,  after  a  detailed  examination,  the  author 
reached  the  conclusion  that  the  tabulations  in  the  past  had  been 
carried  out  in  a  complete  and  generally  satisfactory  manner.  Many 
of  the  changes  which  the  author  suggested  had  to  do  with  matters 
— such  as  style  of  type,  &c. — which  were  relatively  unimportant, 
and  he  thought  that  the  value  and  interest  of  the  paper  would  have 
been  enhanced  had  the  author  devoted  less  space  to  those  matters 
and  had  he  given  instead  some  consideration  to  the  closely  allied 
problem  of  the  annual  reports  on  vital  statistics.  The  complete 
utilization  of  Census  results  depended  so  largely  uj)on  their  ultimate 
employment  in  conjunction  with  properly  collected  annual  returns 
of  births  and  marriages  that  it  seemed  to  narrow  one's  outlook  when 
those  two  closely  related  sections  of  population  data  were  not 
considered  together. 

In  Canada,  Mr.  Coats,  the  Dominion  Statistician,  as  a  result  of 
a  vital  statistics  conference  which  was  held  in  Ottawa  in  June,  1918, 
had  inaugurated  a  scheme  which  promised  to  remedy,  as  far  as 
Canada  was  concerned,  the  present  reproach  that  neither  in  Canada 
nor  in  the  United  States  was  it  possible  to  produce  vital  statistics 
for  the  entire  country.  In  the  work  which  was  still  being  carried 
out  to  that  end,  the  methods  of  the  British  Registrars-General  had 
frequently  been  held  up  as  a  model,  and  for  that  additional  reason 
it  would  be  of  gTeat  interest  if  the  Institute  at  some  future  time 
would  give  its  attention,  along  the  lines  of  the  paper,  to  the  possible 
betterment,  from  the  actuary's  point  of  view,  of  the  annual  returns 
of  births,  deaths  and  marriages. 

The  PEESIDEXT  said  that  one  of  the  difficulties  which  had 
beset  Census  takers  in  the  past,  and  he  was  afraid  would  beset 
them  in  the  future,  was  the  constitution  of  the  United  Kingdom, 
dating  back,  as  it  did,  over  1,000  years  of  chequered  and  active 
iiistory.  He  was  interested  some  time  ago,  in  reading  the  Eeports 
of  a  very  old  Committee  on  Official  Statistics,  to  come  across  a 
phrase  by  an  eminent  civil  servant  of  that  day  which  seemed  to  him 
to  go  to  the  root  of  the  matter.  The  Report  said  :  "In  discussing 
"  certain  defects  in  official  statistics,  Mr.  Farrer  pointed  out  that  it 
"  was  important  to  recognize  the  causes,  among  which  he  included 

differences  in  the  laws,  customs  and  circumstances  under  which 
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'  '  the  different  statistics  are   collected   by  different  departments 

'  '  and  in  different  parts  of  the  kingdom.'     He  went  on  to  say,  after 

'  mentioning    certain    examples  :     '  These    differences    and    many 

'  '  others  lie  deep  in  the  laws  and  customs  of  the  three  Kingdoms, 

'  '  and  it  would  be  sanguine  to  hope  that  they  could  be  removed 

'  '  in  order  to  render  statistical  records  uniform.     Human  life  and 

'  '  habits  can  seldom  be  altered  in  order  to  make  records  perfect.'  " 

That  was  the  difficulty  and  a  difficulty  which  actuaries  met  in  their 

daily  work,  quite  apart  from  the  discoveries  which  they  came  across 

every  now  and  again  in  studying  the  Census  volumes  and  other 

forms  of  official  statistics.     If  the  Registrar-General  gave  the  kind 

of  Census  that  the  author  had  outlined  that   evening,  in  the  course 

of  the  next  two  or  three  years,  he  thought  the  actuarial  profession 

would  have  every  cause  to  be  grateful  to  him. 

Mr.  MEXZLER,  in  reply,  doubted  whether  enumerators  who  had 
to  range  over  a  large  number  of  subjects,  as  on  the  Continent  and 
in  America,  could  give  a  very  large  amount  of  accurate  information. 
They  were  not  a  permanent  staff  and  necessarily  received  only  a 
brief  training.  With  regard  to  the  omission  of  the  question  as  to 
the  duration  of  marriages  he  thought  that  the  right  way  of  dealing 
with  the  question  of  fertility  was  by  means  of  issue  rates.  It 
appeared  from  what  'Sh.  Vivian  had  said  that  the  question  of  co- 
ordination had  been  grappled  with  successfully,  and  that  the  hope 
expressed  in  the  paper  that  the  unemployment  statistics  would  fit 
in  with  the  Census  statistics  would  be  fulfilled. 
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XN  an  interim  report  on  the  first  valuation  of  Approved 
Societies  as  at  31  December  1918  (Cmd.  1130.  Price  Id.)  the 
summarized  results  were  published  early  in  the  year  of  the 
valuations  completed  up  to  24  December  1920.  Over  5,000 
valuations,  being  about  40  per-cent  of  the  total  number,  had 
been  made  at  that  date,  and  in  the  large  majority  of  cases 
substantial  surpluses  were  found  to  have  existed  at  the  date 
of  valuation.  The  report  comments  on  this  satisfactory  result 
as  follows  : 

The  outstanding  feature  of  the  valuations  so  far  completed 
is  the  large  amount  of  the  surpluses  brought  out,  the  deficiencies 
being  relatively  insignificant.  The  conditions  which  have 
prevailed  during  the  war  have  greatly  affected  the  finance  of 
National  Health  Insurance,  and  it  is  evident  that  to  a  material 
extent  the  surpluses  now  declared  are  due  to  this  cause.  To 
indicate  this  it  is  only  necessary  to  explain  the  more  significant 
of  the  factors  which  have  entered,  generally,  into  the  production 
of  surplus.     These  are  as  follows  : 
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(a)  The  claims  for  sickness,  disablement  and  maternity 
benefits  have  been  considerably  below  the  provision 
made  for  the  expenditure  under  these  heads  in  the 
financial  basis  of  the  Acts. 

As  regards  the  sickness  and  maternity  benefits 
much  of  the  resulting  gain  is  traceable  to  the  fall  in  the 
claims  which  set  in  with  the  year  1915  and  continued 
until  1918.  No  previous  experience  of  friendly 
societies  affords  a  parallel  to  this  phenomenon,  which 
is  unmistakably  connected  with  the  war. 

It  is  important  to  remember  in  this  connection  that 
the  super-normal  experience  of  men  who  were  invalided 
from  the  Forces  has  been  met  by  an  annual  grant  from 
the  Exchecpier.*  The  relatively  heavy  liability  of 
married  women,  which  at  one  time  attracted  attention, 
has  also  been  corrected  by  an  annual  grant  from  public 
funds.  In  respect,  therefore,  of  both  men  and  women, 
the  societies  have  been  protected  from  elements  of 
liability  that  were  outside  the  scope  of  the  original 
estimates,  and  accordingly  reap  the  full  advantage  of 
the  favourable  experience  which  has  prevailed. 

In  the  case  of  disablement  benefit  the  claims  have 
steadily  risen,  as  they  must  do  for  some  years  to 
come,  since  disablement  benefit  represents  the  pro- 
vision for  more  or  less  permanent  incapacity  among  a 
community  all  of  whose  members  were  in  employment 
on  first  entering  into  insurance,  in  or  after  the  year 
1912.  The  increase  in  the  cost  of  disablement  benefit 
has,  however,  been  considerably  less  than  that 
anticipated,  though  it  should  be  added  that  this  feature 
is  much  less  noticeable  in  the  case  of  women  than  it  is 
in  the  case  of  men. 

(&)  The  interest  realized  on  the  investments  of  the  accumu- 
lated funds  has  been  appreciably  in  excess  of  the 
valuation  rate  of  3  per-cent.  Interest  at  this  rate  is 
credited  in  respect  of  reserve  values,  which  at  present 
form  the  major  part  of  the  assets  of  approved  societies, 
but  the  great  bulk  of  the  funds  accumulated  since  1912 
has  been  invested  in  Government  securities  producing, 
especially  since  the  war,  a  much  higher  rate. 
Approved  societies  are  exempt  from  income  tax  on 
interest,  and  therefore  obtain  the  full  benefit  of  the 
high  rates  of  interest  at  which  they  have  been  enabled 
to  invest. 

The  element  of  depreciation  had  not  up  to  the 
valuation  date  become  a  serious  factor,  and  the 
valuation  regulations  provided  that  Stock  Exchange 
secm-ities  held  by  societies  should  be  taken  at  their 

*  This  grant  coiitiuues  up  to  31  December  1920,  and  then  ceases. 
VOL.    LII.  2    E 
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cost  prices.  So  far  as  the  funds  of  societies  consist, 
under  statutory  directions,  of  credits  in  the  Com- 
missioners' Investment  Account  (comprising  approxi- 
mately 50  per-cent  of  the  total  amount  accumulated) 
the  question  of  depreciation  may  be  presumed,  in  any 
case,  not  to  arise,  since  by  appropriate  regulations,  pre- 
scribing the  rate  of  interest  allowed,  provision  may  be 
made  for  the  creation  of  sufficient  reserves  to  protect 
the  fund.  The  rate  of  interest  at  present  allowed  in 
respect  of  these  credits  is  4  per-cent,  leaving,  it  is 
understood,  a  suitable  margin  for  the  purpose  here 
indicated. 

(c)  The    receipts  from    contributions    in    many    cases    have 

exceeded  the  "  expectation."  Contributions  are  not 
payable  in  periods  of  sickness  or  unemployment,*  and 
it  follows  that  in  years  when  sickness  is  below  the 
average  and  employment  abundant  the  receipts  from 
contributions  show  a  considerable  gain  to  societies. 
These  conditions  prevailed  seneraUy  up  to  31  December 
1918. 

[d)  "  War  mortality  ",  in  the  case  of  men,  has  added  greatly 

to  surplus.  The  liabilities  of  societies  have  been 
reduced  by  deaths  of  which  there  had  been  no  expec- 
tation, while  the  credits  given,  and  the  funds  accumu- 
lated, to  meet  those  liabilities  remain  intact. 

While,  as  indicated  above,  much  of  the  gain  derived  from 
light  sickness  and  disablement  claims  is  due  to  the  war.  some 
part  of  it,  in  the  case  of  many  societies,  must  be  ascribed  to  the 
favourable  environment  of  the  members  and  the  nature  of  their 
occupations.  So  far  as  men  who,  normally,  would  have  been 
subject  to  low  rates  of  sickness  have  been  withdrawn  from  civil 
life  the  benefit  of  these  conditions  to  their  societies  has  been 
suspended  during  the  period  of  their  naval  or  military  service, 
but  otherwise  the  conditions  indicated  have  operated  with  their 
customary  force.  Rural  societies,  and  societies  whose  members 
are  confined  to  certain  special  classes,  e.g.,  the  staffs  of  banks 
and  insurance  offices,  journalists,  clerks,  teachers  and  nm-ses, 
are  noticeable  in  this  respect. 

Another  element  has  contributed  materially  to  the 
valuation  results,  namely,  the  quality  of  administration.  It  is 
impossible,  in  the  nature  of  the  case,  to  trace  specifically  the 
results  of  good  administration  ;  where  various  factors  are  in 
,  operation  the  influence  of  careful  management,  as  one  of  them, 
can  be  inferred,  but  cannot  be  measured.  Indirectly  the  im- 
portance of  this  element  can,  however,  be  established.  In  a 
considerable   number   of   cases  the     Insurance      Commissioners 

*  This  general  provision  is  suljject  to  the  qualification  that  in  cases  of  con- 
siderable unemployment  the  benefits  are  reduced  unless  certain  modified  payments 
are  made  in  lieu  of  contributions. 
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were  led,  especially  before  the  war,  to  infer  from  excessive 
expenditure  on  benefits  that  administration  was  defective,  and 
to  take  appropriate  action.  The  results  of  their  intervention 
are  generally  apparent  in  the  subsec[uent  course  of  the  claims, 
and  in  some  instances  are  remarkable.  It  would  appear  that  in 
nearly  all  cases  wherein  deficiency  has  been  found  on  the  valuation 
of  societies  action  of  this  kind  had  become  necessary,  and  there 
is  little  doubt  that  the  deficiencies  are  due,  at  least  in  part,  to 
the  heavy  expenditure  which  caused  the  oflB.cial  intervention. 
In  other  cases  of  the  kind  the  valuation  shows  a  comparatively 
small  surplus,  and  it  is  evident  that  some  of  the  societies  whose 
surpluses  are  insufficient  to  permit  of  additional  benefits  are  of 
this  class.  From  these  results  of  lax  administration  it  is  a 
reasonable  inference  that  careful  and  efficient  management, 
where  this  has  been  consistently  exercised,  has  contributed  its 
■due  share  to  the  surplus  disclosed. 

As  the  outcome  of  the  valuations  made  up  to  24  December 
1920,  85  per-cent  of  the  insured  members  of  the  societies 
concerned  will  be  able  to  receive  "  additional  benefits."  In 
most  cases  these  additional  benefits  will  presumably  take  the 
form  of  additions  to  the  normal  benefits,  and  each  society 
■which  has  a  sufficient  disposable  surplus  has  been  informed,  in 
an  appendix  to  the  valuer's  report,  what  additional  benefits 
can  be  given  in  the  proportion  of  l.y.  a  week  sickness  benefit, 
6cZ.  a  week  disablement  benefit,  and  2s.  maternity  benefit.  No 
society  will  be  allowed  to  give  more  than  an  additional  hs. 
sickness  benefit  with  the  other  benefits  in  proportion.  In 
those  cases  in  which  the  surplus  is  more  than  sufficient  for 
these  maximum  additional  benefits  the  excess  is  to  be  kept  in 
reserve  at  any  rate  until  after  a  second  valuation.  The 
following  extract  from  the  report  deals  with  the  general 
<:juestion  of  tlie  disposal  of  surplus  : 

Disposable  Siuyluses. 

Under  Section  37  of  the  Act  of  1911  (as  amended  by  the  Act 
of  1918)  a  society  or  branch  is  empowered  to  submit  a  scheme 
for  utilizing  in  additional  benefits  a  sm-plus  which  the  valuer 
certifies  to  be  disposable.  The  responsibility  is  thus  imposed 
upon  the  valuer,  in  the  exercise  of  his  professional  judgment,  of 
determining  the  extent  to  which  any  particular  surplus  which  he 
finds  on  valuation  may  be  safely  distributed. 

In  coming  to  a  decision  he  must  take  into  account  not  only 
the  normal  risks  of  fluctuation  in  future  experience  (paying  due 
regard,  in  this  connection,  to  the  provisions  of  the  Act  respecting 
the  "  Contingencies  Funds  "  and  other  protective  measm-es)  but 

2  E  2 
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must  give  full  weight  to  the  uncertainties  of  the  present  situation 
with  their  possible  reactions  upon  the  future  financial  responsi- 
bilities of  approved  societies.  This  latter  is  a  point  of  great 
importance  not  only  in  regard  to  the  future  claims,  but  also  in 
reference  to  the  value  of  investments.  Difficult  questions  arise,, 
moreover,  on  the  general  decline  in  the  death  rate,  a  feature 
which,  if  maintained,  may  hereafter  add  considerably  to  the 
charges  on  societies,  as  at  present  estimated.  It  would  be 
detrimental  to  the  welfare  of  approved  societies  if  surpluses 
acquired  under  exceptionally  favourable  conditions  were  distri- 
buted without  sufficient  regard  to  such  important  points  as 
these. 

The  Acts  give  no  direction  as  to  the  period  over  which  a 
scheme  of  additional  benefits  shall  operate,  but  the  National 
Insurance  (Joint  Committee)  Regulations,  1912,  provide  that  in 
approving  schemes  the  Joint  Committee  shall  be  concerned  with 
their  actuarial  soundness,  and  to  meet  this  condition,  it  is 
necessary  that  such  a  term  should  be  set  to  the  operation  of  each 
scheme  providing  money  benefits  as  will  enable  the  liabilities 
under  it  to  be  actuarially  measured.  Having  regard  to  the 
points  mentioned  in  the  last  paragraph  it  is  at  least  advisable 
that  the  operation  of  the  initial  schemes  should  be  limited  to  a 
period  of  five  years,  since  at  the  end  of  this  period  the  whole 
situation  will  be  reviewed,  in  each  case,  in  connection  with  the 
second  valuation.  It  has  accordingly  been  recommended  that 
the  limitation  of  the  scheme  to  five  years  should  be  secured,  in 
every  case,  by  the  inclusion  of  a  provision  to  that  effect  among 
the  conditions  to  be  prescribed  by  the  scheme  under  Section  37 
(2)  of  the  Act  of  1911.  It  follows  that  in  each  case  the  amount 
certified  as  disposable  surplus  is  the  sum  which,  in  the  opinion 
of  the  valuer,  may  be  safely  distributed  over  the  next  five  years. 

In  the  calculation  of  the  reserves  to  be  made  in  the  process  of 
obtaining  the  disposable  surplus  the  valuers  have,  as  far  as 
possible,  adopted  a  uniform  procedure  under  which  these  reserves, 
while  dependent  on  the  ages  of  the  members  and  other  factors 
special  to  each  case,  do  not  differ  widely  (save  in  exceptional 
cases)  from  a  general  average  of  about  \\s.  a  member  (men)  and 
9s.  (women).  In  a  comparatively  few  cases  the  surplus  is 
smaller  than  the  reserve  so  ascertained,  and  the  valuer  has  been 
unable  to  certify  that  any  part  of  it  is  disposable.  In  the  great 
majority  of  cases  the  balance  available  for  distribution  is  con- 
siderable, the  total  amount  certified  as  disposable  being  £2,171,570- 
or  on  the  average  62  per-cent  of  the  related  surpluses. 
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Valuation  of  Redeemable  Securities  with  allowance  for  Tax. 

Un  pp.  70-71  of  vol.  lii,  it  is  stated  that  the  value  to  yield 
the  net  yearly  rate  i,  with  allowance  for  tax  at  rate  t  per 
unit  throughout,  of  a  loan  bearing  interest  at  the  gross  rate  g 
payable  yearly,  and  either  repayable  by  an  annuity  or 
redeemable  by  yearly  drawings  at  par,  may  be  found  by  the 
formula  {1-j- t/\)a-Ja^^ —t/X,  where  n  is  the  remaining  term 
and  X  =  ijg  —  \. 

The  formula,  which  was  worked  out  for  ixj  (p.  70)  holds 
also  for  ^<gr,  but  when  i  =  g  it  becomes  indeterminate.  In 
this  special  case  it  will  be  seen,  on  reference  to  the  expression 
from  which  the  formula  was  obtained,  that  the  value  is 
1  +  nvt/si  —  t.  It  can  be  easily  shown  that  this  is  also  the 
limiting  value  of  the  general  formula  when  A,  =  0. 
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Elements   of  Statistics.     By   Arthur   L.    Bowley,    Sc.D.,    F.S.S. 
Fourth  Edition. 

[Pp.  xi  +  459.    London  :  P.  S.  King  &  Son,  Ltd.     1920.    Price,  Vol.  1,  16s.  net : 
Vol.  II,  12.y.  6d.  net ;  or  in  one  vol.  24.?.  net.] 

Lezioni  di  Statistica  Melodologica.     Bg  Prof.  F.  Insolera. 

[Pp.191.     Turin  :   Fnitelli  Treves.     1921.] 

Zar   Ausgleichung  von  ziceifach  ahgestuften  statistischen  Reihen.     By 
Hofrat  Prof.  E.  Blaschke,  Phil.D.  (  Vienna). 

[Pp.  26.     Extracted  from  Zeitschrift f'tir  die  (jesamte  Versichenutgs- 
WiHsenschaft.^ 

The  list  given  above  contains  examples  of  different  styles  of 
statistical  work  and  it  is  even  more  interesting  to  consider  them  in 
their  general  relationship  than  to  deal  with  them  as  separate  entities. 
The  list  contains  an  English  text  book,  a  course  of  lectures  in  Italian 
which  may,  not  unfairly,  be  taken  as  an  example  of  the  point  of 
view  of  continental  text  books,  and  a  pam])hlet  which  deals  with  a 
theoretical  problem  by  a  well-known  continental  writer.  I  think 
if  I  had  to  distinguish  between  the  continental  and  the  English 
points  of  view  I  should  be  tempted  to  say  that  the  continental 
writers  care  more  for  the  mathematics  and  the  English  more  for  the 
arithmetic.  Possibly  a  personal  bias  in  favour  of  the  arithmetical 
side  may  influence  this  distinction,  which  sounds  strange  when  we 
remember  that  the  theory  of  correlation  is  due  to  an  Englishman, 
that  much  of  the  mathematical  work  on  which  the  science  depends 


390  Reviews.  [April 

was  produced  by  Englishmen  and  that  many  English  writers 
(Pearson,  Edgeworth,  Sheppard  and  others)  are  obviously  interested 
keenly  in  the  mathematical  development  of  the  subject.  Never- 
theless, the  general  distinction  is  not,  I  think,  far  out.  The  English 
wTiters,  with  rare  exceptions,  have  been  looking  for  something  to 
help  them  to  express  the  statistics  with  which  they  are  dealing  and 
their  mathematics  is  a  means  to  that  end.  Galton's  idea  of  a 
correlation  coefficient — the  most  recent  evidence  seems  to  show  that 
the  idea  originated  with  Galton  rather  than  Bravais — arose 
because  he  felt  that  it  was  necessary  to  be  able  to  measm'e 
relationships  on  a  scale  just  as  we  have  a  scale  for  measming 
probabilities.  The  large  amount  of  mathematical  work  that  has 
been  done  subsequently  on  that  subject  by  English  writers  has  been 
necessary  because  practical  statistical  work  showed  definite  limita- 
tions in  the  simple  coefficient  first  suggested.  The  English  writers, 
as  a  whole,  give  more  numerical  examples  and,  even  when  they 
content  themselves  with  few,  an  arithmetical  paper  by  the  same  or 
another  investigator  follows  quickly  and  indicates  a  definite 
numerical  study  which  demanded  the  preliminary  mathematical 
work.  The  whole  of  the  first  part  of  Professor  Bowley's  text  book 
is,  in  a  sense,  arithmetical ;  he  shows  how  the  figures  can  be  used 
to  enable  us  to  reach  a  simple  arithmetical  result  whether  it  be  an 
average,  a  mode,  or  index.  The  second  ])art,  which  has  been  so 
much  altered  from  the  earlier  edition  that  it  is  almost  a  new  work, 
deals  with  the  mathematical  side  but  it  is  frequently  aritl^metical 
in  intention.  On  the  other  hand.  Dr.  Insolera  seems  to  think 
algebraically  ;  he  expresses  his  views  either  in  algebra  or  geometri- 
cally, and  his  arithmetic  seems  to  be  used  rather  to  exemplify  his 
algebra  than  to  show  the  reason  for  which  the  algebra  was  created. 
Dr.  Insolera  does  not  go  into  very  much  detail ;  he  has  avoided  the 
more  difficult  parts  of  the  subject  and  has,  we  think,  been  successful 
within  the  limits  he  set  himself  :  he  no  doubt  felt  that  he  was 
lecturing  on  general  lines  and  that  his  lectures  could  not  contain 
the  total  amount  that  he  would,  presumably,  expect  a  student  of 
statistics  to  read,  but  he  gives  enough  to  show  his  point  of  view  and 
enable  us  to  see  the  lines  which  it  is  his  inclination  to  follow. 

Whether,  however,  there  is  a  real  difference  in  view  between 
English  and  continental  writers  may  be  open  to  some  question, 
but  there  can,  at  any  rate,  be  little  doubt  that  the  arithmetical 
point  of  view  is  that  which  would  be  most  likely  to  appeal  to  the 
actuary.  He  is,  in  matters  of  graduation,  and  therefore  on  curve- 
fitting,  an  arithmetician  and  an  utilitarian  and  his  test  of  a  mathe- 
matical formula  for  graduation  would  be  to  see  if  it  described  the 
particular  set  of  facts  he  was  examining  and,  if  it  did,  to  see  if  it 
had  a  wide  range  of  utility.  The  derivation  of  the  formula  might 
be  empirical ;  but,  if  it  answered  the  purpose,  the  actuary  would 
use  it  in  preference  to  an  alternative  which  is  less  useful  even  if  it 
has  some  apparent  theoretical  justification.  This  may  seem  an 
extreme  attitude  but  it  has  much  to  commend  it  :  width  of  range  is 
as  good  a  test  of  properly  applied  theory  as  the  development  of 
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mathematical  formulae  on  chosen  lines.  Statistics  are  a  matter  of 
practical  arithmetic  and  if  a  particular  theory  does  not  fit  statistics 
with  sufficient  generality  then  there  is  something  imperfect  in  the 
theory.  The  attractive  theoretical  treatment  which  led  to  the  normal 
curve  of  error  has  provided  the  temptation  of  overlooking  its  narrow 
applicability  :  it  is  reached  by  approximations  which  show  that  it 
is  a  special  case  of  some  law  inviting  wider  generalization.  This 
has  been  widely  appreciated  and  Charlier,  Bruns,  Edgeworth  and 
others  have  worked  out  series  which  are  generalizations.  Pearson, 
starting  from  the  h}"pergeometrical  series — of  which  the  binomial 
is  a  special  case — had  worked  out  a  different  generalization  which 
has  what  the  actuary  would  call  better  graduating  power  than  the 
other  generalizations. 

WTien  we  turn  from  the  attempts  to  express  frequency  by  a 
formula  to  the  more  complicated  problems  where  there  are  two 
variables,  and  consider  correlation,  we  find  that  the  analogous  surface 
to  the  normal  curve  of  error  involves  the  Galtonian  coefficient. 
This  coefficient  is  also  a  measure  when  the  surface  does  not  describe 
the  facts  provided  the  means  of  the  arrays  are  on  a  straight  line, 
but  when  this  is  not  the  case  another  measure  must  be  used,  and 
Pearson  has  suggested  the  correlation  ratio.  It  is  interesting  to 
remark  that  a  surface  formed  from  the  Bruns-Charlier  generalization 
leads  to  this  function  as  the  measure  of  correlation,  but  it  would 
seem  that  the  correlation  ratio  is  more  general  and  would  apply  to 
other  surfaces  as  well.  In  Dr.  Blaschke's  paper  we  have  an 
attempt  to  fit  a  Bruns-Charlier  surface  to  a  correlation  table.  The 
paper  gives  the  normal  form  and  that  of  the  Charlier  surface  ;  then 
provides  formulae  for  the  moments  of  the  arrays  and  shows  how 
these  moments  can  be  used  to  find  the  constants  ;  an  example 
gives  the  actual  frequency  surface.  Dr.  Blaschke's  method  is  one 
of  steps.  He  gets  a  symmetrical  surface  and  the  differences  from  it 
and  then  goes  to  his  final  table  which  is,  as  it  were,  the  graduation 
of  the  correlation  table  from  which  he  starts.  Dr.  Blaschke  points 
out  that  the  difficulty  of  the  Bruns-Charlier  series  is  that  one  does- 
not  know  where  to  stop  :  why  should  we  stop  at  the  fourth 
differential  coefficient  ?  This  must,  I  think,  always  be  a  difficulty 
in  using  a  series  such  as  Charlier's  for  graduation  :  if  we  take  a 
sufficient  number  of  terms  we  can  reproduce  the  data  closely,  but 
perhaps  so  closely  that  we  do  not  graduate  ;  if  we  take  few 
terms  we  may  not  be  close  enough  to  the  facts.  It  comes  almost  to 
a  question  of  trial  and  we  must  go  on  till  we  feel  satisfied.  There 
is  another  difficulty  in  that  the  Charlier  series  may  give  negative 
values  for  frequency  when  it  is  used  to  describe  very  skew  distri- 
butions. Dr.  Blaschke,  in  his  example,  deals  with  a  distribution 
which  is  not  extremely  skew,  and  a  formula  for  a  skew  correlation 
surface  will,  I  think,  have  its  greatest  value  in  cases  of  extreme 
skewness.  The  example  is  interesting  but  it  must  be  confessed 
that  it  leaves  us  with  the  feeling  that  we  have  not  yet  found  a  skew 
correlation  surface  of  practical  value.  Possibly  we  might  reach  one 
in   a   particular   case    of   extreme   divergence   from   normality   by 
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assuming  that  both  functions  are  geometrical  progressions,  but 
"  that  is  another  story." 

We  may  return  for  a  moment  to  Professor  Bowley's  book  to 
point  out  that  the  actuarial  reader  will  find  much  of  help  and  interest 
in  it ;  he  may  feel  that  the  formula  which  is  called  the  Generalized 
Law  of  Error,  second  approximation  (page  298),  is  hardly  suited  to 
graduation  work  as  it  can  only  be  relied  on  for  graduating  a  few 
groups  in  many  cases,  and  he-  may  feel  that  some  of  the  chapters  on 
correlation  are  more  of  the  nature  of  summaries  of  existing  work 
than  chapters  of  a  self-contained  text  book,  but  he  will,  at  any 
rate,  be  impressed  by  the  comprehensiveness  of  the  summary  and 
helped  by  many  suggestive  remarks  and  practical  hints  throughout 
the  work. 

The  productions  mentioned  at  the  head  of  this  review  may,  as 
has  been  indicated,  be  taken  as  examples  of  what  is  going  on  in 
statistical  work  in  somewhat  different  fields :  they  imply  an 
extending  interest  in  the  treatment  of  statistical  data  and  it  would 
be  of  advantage  if  actuaries  became  more  proficient  in  si;ch  work 
than  they  are  at  present ;  actuarial  work  rests  on  a  statistical 
basis  ;  actuarial  science  and  statistics  are  youthful  sciences  and 
should  be  able  to  help  one  another. 

W.  P.  E. 

Pension  Endowment,  Life  Assurance,  and  uflier  ■schemes  for  Employees 
of  Commercial  Companies.  By  Harold  Dougharty,  A.I.A., 
F.S.S.,  F.C.I.S. 

[Pp.  95.      liOndon  :  Sir  Isaac  Pitman  &  Sons,  Ltd.     1920.     Prire  6.v.  net.] 

In  the  minds  of  readers  of  the  Journal  the  title  of  this  book  may 
evoke  more  or  less  painful  recollections  of  voluminous  papers,  of 
complicated  symbols  bristling  with  prefixes  and  suffixes,  of  life  and 
service  tables  and  salary  scales,  and — if  it  has  been  their  lot  to  deal 
with  the  subject  practically — of  long  and  anxious  wrestling  with  the 
problems  and  responsibilities  entailed  by  the  formation  or  valuation 
of  a  Pension  Fund  on  a  salary-percentage  basis.  But  the  book 
itself  has  little  to  do  with  these  recondite  matters.  It  does  indeed 
just  mention — in  the  short  chapter  on  "  Types  of  Pension  Fund  " — 
the  salary-percentage  method,  but  only  to  point  out  the  uncertainty 
of  the  special  factors  which  enter  into  it  and  the  serious  effect  on 
salary-percentage  funds  of  the  recent  great  increase  in  the  scale  of 
salaries.  It  advocates,  and  is  in  the  main  concerned  with,  the 
deferred-annuity  method  of  providing  staff'  pensions,  i.e.,  the  method 
of  securing  a  deferred  annuity  (whether  from  an  insurance  company 
or  by  means  of  a  Fund)  in  respect  of  present  salary  and  supplementing 
it  from  time  to  time  by  additions  in  respect  of  future  increments  ; 
it  deals  also,  incidentally  and  briefly,  with  the  analogous  methods  of 
providing  such  extra  benefits  as  temporary  assurance  and  disablement 
allowances,  and  it  includes  two  articles  on  "  Co-partnership  and 
Pension  Schemes  ",  contributed  by  Mr.  A.  B.  Culley  to  the  official 
organ  of  the  Labour  Co-partnership  Association. 
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It  may  seem  a  simple  matter  to  provide  for  pensions  by  deferred 
annuities,  and  in  a  sense  it  is  so.  But  every  actuary  or  insurance 
official  who  has  had  occasion  to  (juote  for  a  pension  scheme  on  a 
deferred-annuity  basis  knows  that  the  office  deferred-annuity  table 
is  a  long  wav  from  being  a  pension  scheme.  There  is  a  distinction 
between  the  two  things  whicli  makes  all  the  difference  between  a 
barren  C[Uotation  and  one  which  is  really  helpful  and  may  be 
productive  of  business.  Various  special  points  arise,  and  then 
there  is  the  scheme  itself  to  be  put  into  shape.  In  these  matters 
Mr.  Dougharty's  practical  notes  should  prove  useful.  The  reader 
will  find  in  the  book  suggestions  for  dealing  with  the  problem  of  the 
older  members  of  the  staff,  some  indication  of  the  cost  of  including 
death  and  disablement  benefits,  a  specimen  set  of  rules,  several 
model  schemes  and  a  number  of  illustrative  tables.  A  few  pages 
are  given  to  the  subject  of  group  insurance,  but  we  miss  any  reference 
to  Sir  W.  Schooling's  plan  of  combining  a  temporary  decreasing  life 
assurance  with  an  endowment  secured  through  a  staff  savings 
association  {J. I. A.,  vol.  li.  p.  331). 

On  the  subject  of  the  relative  merits  of  salary-percentage  schemes 
and  deferred-annuity  schemes  one  word  may  be  said.  The  fact  thq,t 
a  general  increase  in  the  scale  of  salaries  may  create  a  deficiency  in 
a  salary-percentage  Fund  does  not  seem  to  us  necessarily  conclusive. 
It  migiit  be  argued  that  the  deferred-annuity  scheme  merely  shifts 
the  onus  on  to  the  employee.  It  is  no  doubt  unsatisfactory  to 
find  a  deficiency  in  the  Pension  Fund,  but  it  is  at  least  as  unsatis- 
factorv  to  the  employee  to  see  his  prospective  pension  becoming  a 
dwindling  percentage  of  his  salary — as  it  must  do  if  he  has  reached 
an  age  at  which  it  is  impracticable  to  supplement  his  deferred 
annuity  in  proportion  to  his  increased  salary.  The  problem  after 
all  is  to  provide  for  some  continuity,  as  regards  income,  between 
official  life  and  .  life  after  retirement,  and  the  salary-percentage 
scheme  makes  an  attempt  to  do  this,  even  if  it  breaks  down  in  the 
process.  If  the  employer  is  prepared  in  any  case  to  shoulder  the 
burden,  it  is  merely  a  question  of  making  up  the  deficiency  in  the 
Pension  Fund  in  the  one  case  or  of  supplementing  the  inadequate 
deferred  annuitv  in  the  other. 


Supplement  io  the  loth  Annual  lieport  of  the  Registrar-General  of 
Births,  Deaths  and  Marriages  in  England  and  Wales.  Part  II. 
Aliridged  Life  Tahles. 

[Pp.  xlvi+65.     London  :  H.M.  Stationery  Office.     1920.     CM.  1010. 
Price  Is.  &<J.  net.] 

This  second  jiart  of  the  Supplement  to  the  1911  Census  Report 
would  in  the  ordinary  course  have  been  a\ailable  five  or  six  years 
ago,  but  its  publication  was  held  over  during  the  AVar.  It  contains 
abridged  (male  and  female)  life  tal)les,  based  on  the  rates  of  mortality 
experienced  in  1911-1912,  for  certain  large  areas  (.e.g.,  the  North, 
Northern  Boroughs,    other   Northern    Urban    Districts,    Northern 


394  Reviews.  [April 

Rural  Districts),  for  the  separate  administrative  counties  (also  for 
the  Urban  and  Kural  Districts  of  the  more  populous  Counties)  and 
for  County  Boroughs  with  populations  exceeding  100,000 — some 
280  abridged  tables  in  all — together  \vith  a  report  of  30  pages  by 
Dr.  E.  C.  8noAv,  descriljing  an  "  elementary  rapid  method  "  used  in 
constructing  the  tables  and  designed  to  enable  Medical  Officers  of 
Health,  Avith  the  aid  of  a  further  10  pages  of  auxiliary  tabular 
matter,  to  construct  more  tal)les  of  the  same  kind  for  themselves. 
The  functions  tabulated  are  q  at  age  0,  r  (the  mean  annual  death 
rate)  forages  1-2,  2-5,  5-10,  10-15,  15-20,  20-25,  and  thereafter 
for  decennial  periods,  /-/+»  for  0-1  and  the  same  periods  as 
r,  /  and  c  for  ages  0,  1,  2,  5,  10,  15,  20,  25,  35,  &c.,  also  the  ratios 
of  the  /'s  and  ^''s  to  the  same  functions  for  the  whole  of  England  and 
Wales.  Dr.  Snow  distinguishes  r  from  the  m  of  the  life  table — 
elsewhere  he  observes  that  the  vi  for  age  1-2  differs  from  the  crude 
death  rate  r  only  by  the  process  of  graduation — but  it  seems  to  us 
to  be  a  perfectly  good  m  (regard  Ijeing  had  to  the  length  of  the 
interval)  and  little  or  none  the  worse  for  not  being  graduated.  The 
abridged  life  tables  are  not  graduated,  but  they  are  none  the  less 
life  tables,  and  the  ?'s  (on  which  they  are  based)  are  their  m's.  One 
other  point  of  detail  which  may  lie  mentioned  is  that  the  I's  and  e's 
at  the  several  ages  are  numbered  in  order  of  magnitude — ^or  merit. 
It  is  to  be  feared  that  this  useful  feature  will  hardly  escape  the 
notice  of  the  house  agents  and  pul)licity  experts  of  certain  suburban 
boroughs  that  stand  high  in  the  list. 

We  have  never  been  able  to  understand  why  Medical  Officers  of 
Health  have,  or  are  supposed  to  have,  such  a  strange  craving  for 
abridged  life  tables  in  general  and  expectations  of  life  in  particular — 
still  less  why  they  should  wish  to  construct  such  tables  in  the  scanty 
leisure  afforded  by  their  multifarious  duties.  Qm  fonf-ik  done  dans 
cette  galere  ?  Owing  partly  i^erhaps  to  the  way  in  Avhich  the  actuarial 
profession  has  always  made  a  fetish  of  the  life  table  an  entirely 
erroneous  notion  seems  to  us  to  have  become  prevalent  as  to  its 
uses.  Practically  all  the  functions  required  for  actuarial  and 
statistical  work  can  be  calculated  dii'ectly  from  the  experience 
p,  q  or  m  without  the  intervention  of  the  life  table,  and  in  investi- 
gations liased  on  a  special  experience — when  a  life  table  is  not 
required  for  general  purposes — this  is  as  a  rule  the  most  convenient 
method  of  procedure.  As  evidence  of  the  need  for  life  tables 
Dr.  Snow  adduces  a  case  in  which  it  was  desired  to  compare  the 
chances  of  surviving  from  15-20  to  25-35  in  two  suburban  districts 
— the  population  being  mainly  of  low  social  status  in  one  and  of  a 
much  higher  status  in  the  other — and  he  remarks  that  this  could 
have  been  done  if  the  ap]iropriate  life  tables  had  existed.  But 
since  the  ratio  of  the  cologs  of  the  p's  is  approximately  the  same  as 
that  of  the  corresponding  m's  or  r's,  it  could  have  been  done  just  as 
Avell  without  life  tables.  In  the  case  of  an  important  experience 
which  will  form  the  basis  of  numerous  calculations  a  life  table  is 
undoubtedly  a  valuable  instrument  for  actuarial  and  statistical 
purposes,  but  it  has  no  obvious  bearing  on  the  facts  of  mortality  or 
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vitality  with  which  a  Medical  Othcer  of  Health  is  concerned.  In 
regard  to  these  facts  it  adds  nothing  to  the  evidence  of  the  rates  of 
mortality  on  Avhich  it  is  based.  The  tabulated  values,  except  those 
of  the  fundamental  ^;  or  m,  are  wholly  artificial  and  hypothetical, 
representing  not  facts  but  a  perspective  of  human  life  on  certain 
assumptions.  What  meaning  can  be  attached  to  the  expectation  of 
life  at  West  Ham,  according  to  these  abridged  life  babies,  of  boys 
aged,  say,  10?  It  means,  we  supjiose,  that  if  a  large  numl)er  of 
boys  of  similar  birth  and  antecedents  to  the  boys  aged  10  who 
happened  to  be  living  in  West  Ham  in  1911-12  were  sulject 
throughout  the  remainder  of  their  lives  to  the  rates  of  mortality 
experienced  in  West  Ham  during  1911-12  by  the  different  groups 
of  persons,  of  different  antecedents,  aged  10-15,  15-20  .  .  .  85-95, 
who  also  happened  to  be  living  in  West  Ham  in  1911-12,  their 
average  after-duration  of  life  would  be  the  number  of  years  specified. 
In  other  words  it  means  just  nothing  at  all.  It  is  pure  patch-woik. 
But,  it  may  be  said,  the  "  expectation  of  life  "  is  a  conventional 
expression,  and  no  intelligent  person  would  regard  the  expectation 
of  life  in  West  Ham  at  age  10  as  being  anything  more  than  a  kind 
of  panoramic  view  of  the  vitality  of  West  Ham  residents  at  ages  1 0 
and  upwards.  It  seems,  however,  to  be  a  singularly  complicated 
function  for  the  purpose.  A  more  direct  comparison  between  the 
vitality  of  the  inhaltitants  of  different  districts  would  be  afforded  by 
a  function  based  as  in  the  case  of  the  Kegistrai'-General's  occupational 
mortality- rates,  on  a  standard  population,  and  showing  for  such  a 
l)Opulation  the  number  of  years  lived  between  specified  ages. 
Similarly  the  mortality  in  difterent  age  periods  would,  in  our  view, 
be  more  usefully  represented  by  the  deaths  in  a  standard  population 
than  by  the  life  table  function  Jx  -  lx+7i  ■  The  latter  is  an  entirely 
artificial  number,  involving  in  the  case  of  each  district  its  own 
particular  stationary  population. 

The  method  employed  in  the  construction  of  the  tables  and 
described  in  Dr.  Snow's  report  has  certainly  the  interest  of  novelty. 
The  stages  in  the  process  of  construction  are  r  (or  w)  the  central 
death-rate,  tp  the  probability  of  surviving  through  the  pei'iod  covered 
by  /■,  {l+2}  +  -2p+  ■  .  .  +t-rP)  the  sum  of  the  pi'obainlities  of 
surviving  0,  1  .  .  .  (i^-  l)  years,  and  finally  e,  I  being  a  by-product 
from  ^2'  So  far  there  is  nothing  new.  The  novelty  of  the  method 
consists  in  the  fact  that  tP  is  obtained  from  r,  and  (l  -f  p  -I- .  .  .  +  t-]'p) 
from  tP,  by  empirical  formulas  determined  by  fitting  equations  of  the 
first  or  second  degree  (with  one  exception)  to  the  England  and 
Wales,  1910-12  Table.  Twenty-four  such  formulas  were  used  for 
difterent  ranges  of  the  value  of  /■  and  p,  and  for  the  different  periods 
of  grouping  :  e.g.,  for  a  10-year  group,  the  value  of  r  being  between 
•15  and  -30,  p  is  taken  as  =  -02194  +  22-01  92(-20985  -  if.  Judged 
by  this  expression  the  process,  if  elementary,  could  hardly  be 
regarded  as  rapid,  but  the  values  of  p  corresponding  to  values  of  r 
difteringby  -00001  and  the  values  of  (l  +p  + .  .  .  t-iP)  corresponding 
to  values  of  tp  difi'ering  by  -001  having  been  tabulated  in  the 
Genei-al  Register  Office,  the  formulas  were  virtually  eliminated,  and 
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the  actual  construction  of  the  tables  became  a  simple  matter.  At 
the  same  time  the  i)roccss  must  liave  entailed  from  first  to  last  a 
very  considerable  amount  of  laborious  research  and  calculation,  and 
we  confess  that  such  an  expenditure  of  time  and  energj'  appears  to 

us  to  have  been  unnecessary.     Since  colog  p  =  M//M  "■    ' 


1  + 


+20  + 


+  ltP 


12 


and 


=     /(I  +  tp)  + itPiH  -  ij)  there  i.?  no  difficulty 

2  Ti 


in  constructing  an  abridged  life  table.  Such  a  taljle  could  be 
constructed  directly  from  the  iiis,  as  in  the  example  given  on  p.  301 
of  vol.  xlviii  of  this  Journal.  But  a  simpler  plan  is  to  construct  by 
reference  to  a  standard  table.     We  then  have 


and 


colog p' =  colog  jj  X  iii{\  +ao/l2)/(l  +«ij/12) 


(^-+p'  +  ...+  ^  ,pj  =  _^  /(I  +  tp)  +  (^^+p  +  ...  +  -  fp\  -  -1{\  +  tp) 

approximately.  For  practical  jmrposes  it  would  make  little 
difference  if  (l  +a'o/12)/(l  H-ao/12)  were  neglected,  since  a'o  '"ind  «•> 
are  both  .small  quantities  except  at  the  older  ages  Avhen  they  tend  to 
equality.  We  give  below,  as  an  illustration,  the  construction  of  an 
abridged  table  for  the  South  of  England  (excluding  London)  by 
reference  to  the  ofiicial  abridged  table  for  England  and  Wales.  We 
have  taken  the  latter  as  our  standard  table  because  it  is  at  hand  as 
we  write,  but  as  the  published  values  of  /•  at  the  oldest  ages  are  not 
sufficient  to  give  a^^  at  age  75  and  the  values  oi  p  for  each  year  of 
age  are  not  available  we  have  used  the  official  value  of  t'--  and  have 
also  made  use  of  the  official  tables  to  determine  the  England  and 

+  p  +  .  .  .+     tP)-     111  practice  a  full  taljle  such 


Wales  values  of 


2   ■  "    '  2 

as  the  English  Life  Xo.  7  would  be  used  as  a  standai-d. 

add  that  we  have  followed  the  official  table  in  taking 
although  this  is  not  quite  accurate  at  the  older  ages. 


We  may 

l' 
as  =e  +  -, 
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The  South  of  England  value  of  Po  comes  direct  from  the 
experience,  and  that  of  Pi  is  found  from  p  =  {'2  -7n)/{2  +  in).  The 
values  of  a,,  at  age  1 0  are  not  known  because  the  position  of  the 
minimum  of  the  ?H-curve  is  unknown.  If  several  tables  were  1>eing 
constructed  it  would  not,  of  course,  be  necessary  to  insert  the  four 
columns  of  figures  relating  to  the  standard  table.  These  would  l)e 
the  same  for  all  cases,  and  the  only  values  that  would  have   to  be 

inserted  would  l»e  those  of  m'{l  +     _    a'o)/?r<(l  -{ — -  a^),  colog  ;/,  p, 


1 

-  + 


+  - tp\  and 


The  foregoing  illustration  .".hows,  we  think,  that  abridged  life 
tables,  if  required,  can  be  constructed  quite  simply  without  the  use 
of  empirical  formulas.  We  must  add,  since  the  values  given  by  the 
formulas  have  been  tabulated  and  may  probably  be  used  for  other 
jiurposes,  that  the  assumption  on  which  Dr.  Snow's  process  is  based, 
namely,  that  2'>  can  be  expressed  in  terms  of  m  with  reference  only 
to  the  particular  value  of  ///  and  to  the  range  within  which  it  lies, 
and  without  any  reference  to  the  ages  to  which  it  relates,  is  open  to 
criticism.  The  i-elationship  between  p  and  ///  depends  to  some  extent 
on  the  slope  of  the  //^curve ;  two  different  mortality  curves  may 
have  materially  different  slopes,  especially  at  the  old  ages,  at  the 
points  where  they  have  the  same  m.  Hence  Dr.  Snow's  formulas, 
obtained  by  fitting  the  England  and  Wales  curve,  will  not  necessarily 
apply  to  curves  representijig  very  different  mortality.  The  following 
is  a  comparison  of  the  values  of  luPrr,  for  County  of  London  males 
(heavy  mortality)  and  Kural  District  females  (light  mortality),  as 
given  by  the  extended  tables  (supplement  to  the  75th  Annual 
Report,  Part  I),  with  those  given  by  Dr.  Snow's  empirical  formula  : 


m 

loP 

1 

Extended  Table           Snow 

County  of  London  males 
Rural  District  females 

14280 
10892 

2055                    2003 
3015                   3069 

The  differences  may  not  be  of  any  great  importance  for  practical 
purposes,  but  they  are  probably  systematic — tending  to  exaggerate 
slightly  divergences  from  the  average  of  the  standard  table.  It 
seems  not  unlikely,  for  example,  that  in  the  illustration  given  above 
the  official  value  of  lup-;:,  for  the  South  (excluding  London),  namely, 
•2631,  is  somewhat  too  high  and  that  the  value  of  e  at  age  75  is 
correspondingly  OA'er-estimated. 

We  note  one   small  misprint — 29611   for   29611   in  Table   2 
on  p.  xlii. 
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Iieducfion  of  Error  ly  Linear  Corrqjoundinf/.     Bi/  W.  F.   Sheppard, 

8c.D.,  L.L.M. 

rPhiloso{)liical  Transactions  of  Royal  Society   of  London,     ijeries  A,  vol.  221, 

pp.  199-237.] 

On  a  Class  of  Graduafion  FormvJa\     By  Cathepjne  W.  M.  Sherkiff, 

M.A.,  B.Sc. 

[Proceeilings  of  the  Royal  Society  of  Ediuburgli.  Session  1919-20  :  i)p.  112-128.] 

Although  these  two  paiiers  differ  materially  in  scope  and  olyect, 
they  have  a  common  point  of  contact  with  actuarial  work. 
Dr.  Sheppard's,  it  is  true,  does  not  refer  directly  to  gi-aduation  ; 
it  has  an  altogether  wider  range,  being  a  re-statement,  in  a  more 
general  and  concise  (but  not,  perhaps,  to  the  ordinary  student, 
simpler)  form,  of  the  author's  earlier  work  on  reduction  of  error — 
incorporating  the  results  arrived  at  in  the  unpublished  paper 
referred  to  as  "Fitting  II  "  in  his  articles  in  the  Journal  (vol.  xlviii, 
pp.  171,  390,  and  xlix,  p.  l-iS)  and  superseding  to  some  extent  the 
published  papers  "  Reduction  "  and  "Fitting  I."  Miss  .Sherrifi's,  on 
the  other  hand,  deals  exclusively  with  graduation,  with  special 
reference  to  the  relative  merits  for  this  purpose  of  least  square 
formulas  of  the  po^io  + -"Pr'^ir  type  {i.e.,  the  formulas  obtained  by 
fitting  a  polynomial  by  least  squares  to  the  2.n  +  1  ?f's  of  which  v^  is 
the  central  term)  and  summation  formulas.  The  least  square 
formulas,  it  may  be  noted,  are  identical  with  those  olitained  h\ 
making  -p"  a  minimum,  subject  to  the  condition  that  p,j?f,. +  22;,.!/-^,. 
must  =  «n  up  to  differences  of  a  specified  order.  This  follows  from 
the  fact  (of  which  a  general  proof  is  given  in  i)r.  Sheppard's  paper) 
that  when  the  errors  of  the  m's  are  all  independent  and  have  the 
same  mean  square,  fitting  (by  least  squares  or  moments)  and 
reduction  of  error  by  means  of  negligible  differences  g\\e  the  same 
result ;  or  it  may  be  readily  esta1)lished  for  the  particular  case  by 
writing  down  the  equations  for  !lp"  a  minimum,  and  combining 
them  suitably  with  the  conditions  2p=l,  1r-pr  =  Q,  &e.  A  useful 
feature  of  the  paper  is  a  table  giving  the  values  of  the  ^j's  for  j  =  3, 
5,  7  or  9  0'  being  the  degree  of  the  polynomial  or  the  order  of 
differences  to  which  the  graduated  value  of  u  is  to  be  correct)  and 
for  an  extensive  range  of  values  of  2/i  +  1  (the  numlier  of  terms 
included  in  the  formula).  A  simple  algebraical  expression  for  the 
js's,  with  the  constants  required  for  evaluation  when  j=d  or  5,  has 
been  given  by  Dr.  Sheppard  in  the  Journal  (vol.  xlviii,  pp.  178, 
181-2)  and  the  constants  for  higher  values  of  .;  can  be  calculated 
from  the  general  formulas  in  "Fitting  I"  (p.  102)  or  his  present 
paper  (p.  230  and  Appendix  IV),  but  it  is  certainly  convenient  to 
have  the  actual  luimerical  values  tabulated  for  use  or  reference. 
In  discussing  the  respective  merits  of  the  least  square  formulas  and 
summation  formulas  Miss  Sherriff  shows  that  the  former  cannot  be 
expressed  in  the  ordinary  summation  form.  This  might  ]ierhaps  be 
inferred  from  the  consideration  that  the  coefficients  resulting  from 
successive  summations  do  not  form  a  single  parabolic  curve  (as  the 
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coefficients  of  the  least  stiuare  formulas  do)  but  a  broken  curve 
made  up  of  a  succession  of  separate  curves,  although  in  the  best 
summation  formulas,  such  as  Spencer's,  the  separate  curves  are  so 
blended  that  the  discontinuities  are  hardly  perceptible  {rf.  diagram, 
J. I. A.,  vol.  xli,  p.  360).  For  example,  the  coefficients  1,  2,  -3,  -i,  5, 
4,  3,  2,  1,  given  by  [5]",  form  two  straight  lines,  and  similarly  the 
coefficients  given  by  [5]^  form  three  parabolas.  Although,  however, 
the  least  square  formulas  cannot  be  expressed  in  the  convenient 
[n]  [//(]  [p]  form,  they  can  be  expressed  in  terms  of  sums  {J. I.  A., 
vol.  xlviii,  pp.  181-2).  As  a  test  of  graduating  power  Miss  Sherriti' 
graduates  by  the  21-term  least  square  formula  and  Spencer's  21-term 
formula  the  values  of  two  analytical  functions  (one  of  the  third 
degree  and  the  other  a  function  of  which  the  fourth  difterences  arc 
relatively  negligible)  taken  to  the  nearest  integer,  so  that  the  values 
are  affected  by  casual  errors  varying  from  0  to  -5,  and  compares  the 
sums  of  the  squares  of  the  residual  errors.  The  least  square 
formula  gives  the  better  results — as  might  be  expected  since  it  has 
an  }i'{  =  -2^')  of  -1076  as  compared  with  the  •1432  of  Spencer's 
formula  (the  mean  square  of  error,  that  is  to  say,  of  each  graduated 
value  being  rather  less  than  one-ninth  of  that  of  the  ungraduated 
value  as  against  about  one-seventh) — but  the  test  is  not  necessarily 
conclusive  as  to  the  relative  merits  of  the  two  formulas.  The 
primary  object  of  modei-n  summation  formulas  is  to  obtain  a 
smooth  cur^e  (consistently,  of  course,  with  substantial  adherence  to 
the  irregular  curve  of  the  observed  values),  and  in  this  respect 
Spencer's  formula,  haA'ing  a  smoothing  coefficient  of  1/160,  is  much 
superior  to  the  least  square  formula,  which  has  a  smoothing 
coefficient  of  about  l/l8.  The  distinction  between  accuracy  and 
smoothness  is  clearly  stated  in  Dr.  Sheppard's  paper  in  a  short 
section  on  "  Smoothing ",  from  which  the  following  are  extracts : 
"  (i)  If  our  object  is  to  obtain  as  accurate  values  as  possible 
"  for  the  i'/s,  consistently  with  our  using  only  the  specified 
"  number  of  (('s  for  each,  the  most  accurate  values  Avould  be  the 
vs  given  by  the  formulae  considered  in  this  and  the  preceding 
"  papers  "  (i.e  ,  the  least  scjuare  formulas)  .  .  . 

"  (ii)  If  the  object  is  to  obtain  a  smooth  table  of  the  ?//s  as 
"  a  whole,  we  could  do  this  by  obtaining  as  accurate  values  as 
"  possible  for  the  differences  of  the  v:'s  of  order  j  .  .  ." 
Summation  formulas  do  not  give  the  best  possible  A'alues  for  the 
third   differences   of   the  w's,  but  they  aim  at  giving  an  approxi- 
mation to   those    values   consistently   with  facility  of  application. 
Miss  Sherrifi  mentions  that  Prof.  Whittaker  has  proposed  as  a  test 
of    merit   the   smallness   of    Z(?i' -  w)' -f- A-(A^?f')"     "where    A... 
measures    the    extent   to    which    we  are  willing  to   modify  the 
original  data  for  the  sake  of  obtaining  smoothness."     It  might  be 
possible,  by  making  2p'  -f-  A-(A'^jj)'  a  minimum,  to  find  a  formula 
(for  an  assigned  value  of  A)  which  would  give  good  results  when 
tested  by  this  criterion,  but  it  is  doubtful  whether  for  actuarial 
purposes  it  would  be  worth  while.    If  smoothness  is  a  requisite,  the 
comparatively  slight  sacrifice  of  accuracy  entailed  by  making  it  the 
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sole  test,  i.e.,  practically  by  omitting  ^p"  from  the  criterion,  would 
seem  unimportant  so  far  as  most  actuarial  data  are  concerned. 
Moreover  it  might  perhaps  be  argued  that  since  (1)  the  true  curve 
must  be  smooth,  and  (2)  the  assumption  as  to  the  errors  being 
independent  and  having  the  sam<e  mean  square  does  not  apply 
strictly  to  actuarial  data,  a  better  approximation  to  the  true  curve 
may  be  given  by  smoothness  (however  obtained)  than  by  a  theory  of 
accuracy  based  on  the  assumption  in  (juestion. 

The  present  opportunity  may  be  taken  of  considering  the 
position  that  has  been  reached  in  regard  to  simimation  formulas 
of  graduation.  Their  evolution  has  been  somewhat  peculiar.  It 
will  be  recalled  that  the  earliest  formula  of  the  kind  was  suggested 
by  J.  A.  Higham  {J. I. A.,  vol.  xxiii,  p.  335)  as  an  alternative  to 
Woolhouse's  interpolation  formula  (which,  however,  was  almost 
immediately  shown  hj  G.  F.  Hardy  and  Ackland  to  be  itself  a 
summation  formula),  and  from  that  time  up  to  1894  the  method 
was  develo])ed  by  its  originator  mainly  on  algebraical  lines  and 
Avithout  any  special  theoretical  basis  except  such  as  might  be 
inferred  from  the  affinity  of  the  method  to  that  of  the  aA'erage 
interpolated  A'alue,  and  from  the  fact  that  summation  had  the 
general  effect  of  distributing  the  irregularities  of  the  data.  As 
between  different  summation  formulas  the  test  of  merit  was  a 
comparison  of  results.  The  proof  of  the  pudding  was  in  the 
eating  rather  than  in  any  theoretical  appropriateness  in  the  recipe. 
It  was  not  until  1896  that  Hardy  (who  at  an  early  stage  had 
apparently  felt  the  necessity  for,  and  had  evolved  for  the  purpose 
of  the  Friendly  Society  formula,  a  theoretical  liasis)  communicated 
to  the  Journal  his  note  on  Graduation  Formulas  ''  (vol.  xxxii, 
p.  371).  Experimental  work  l)y  J.  Spencer  on  the  lines  suggested 
by  this  note  led  to  the  well-known  21-term  formula  {J. I. A., 
vol.  xxxviii,  p.  338) — a  formula  much  superior  to  any  previously 
proposed.  Shortly  after  this,  Hardy  pointed  out  the  possibility 
of  determining  the  best  formula  of  given  range  (tested  by  the 
smallness  of  the  mean  error  of,  say,  A'w'),  and  suggested  as  a 
practical  alternative  that  a  convenient  set  of  summations  might  l>e 
fixed  upon  and  the  coefficients  of  the  operand  determined  so  as  to 
make  the  mean  error  of  A'  or  A^  a  minimum*  (Construction  of 
Mortality  Tt)l)les,  pp.  28-29).  This  suggestion — which  does  not 
seem  to  have  been  taken  up  at  the  time — leads  to  such  formulas  as 
the  following: 

"01  [5] [5] [7] [-5066 b/o  -f  •37G71»  ^i  -  •08725w±o  -  •25705?/.i3] 

with  a  smoothing  coefficient  of  1/168  and  very  similar  p's  to  those 
of  Si)encer's  formula, 

•Ol[4][6][7][-51009»o+  •16205«±i  +  •30346jf±o  -  •42294h±3] 

with  a  smoothing  coefficient  of  1/176,  and 

•01[5][13][l-9834wo+  l-5054»i,  -  •3474»±.  -  l-3804u±3] 

*  The  writer  is  informed  tbat  Karup  was  the  first  to  suggest  this  course. 
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with  a  smoothing  coefficient  of  1/73.  In  1907-8  the  subject  was 
further  discussed  in  G.  J.  Lidstone's  "  Rationale  of  Formula:)  for 
CTraduation  by  Summation" — which  threw  much  light  on  the  reasons 
for  the  superiority  of  one  formula  to  another  and  on  the  eft'ect  of 
the  formulas  in  reducing  errors — and  J.  Spencer's  "Illustrations  of 
the  Employment  of  Summation  Formulas"  {J. I. A.,  vol.  xli,  pp.  348, 
361,  and  vol.  xlii,  p.  lOG).  A.t  this  stage  the  sunnuation-formula 
method,  represented  by  several  excellent  practical  formulas  and 
provided  with  a  more  or  less  satisfactory  theoretical  basis,  held 
a  higher  place  than  at  any  previous  time  in  actuarial  estimation, 
and  here  matters  rested  until  the  publication  in  1912  of  the  first  of 
Dr.  Sheppard's  important  series  of  papers  dealing  with  the  reduction 
of  error  by  linear  compounding.  These  jiapers  do  not  affect  the 
validity  of  the  summation-formula  method  or  of  the  theoretical 
basis  given  to  it  l)y  Hardy  and  Lidstone.  But  they  have  unquestion- 
ably affected  the  status  of  the  method  (l)  by  showing  incidentally, 
as  particular  applications  of  a  general  theory  of  reduction  of  error, 
that  the  best "  formulas  of  given  range  referred  to  by  Hardy  in 
the  Construction  of  ISlortality  Tables "  can  be  determined  and 
applied  practically  (although  possibly  with  less  facility  than 
summation  formulas),  and  further  that  they  apply  not  only  to 
Mfl  but,  with  suitable  modifications,  to  ii,-  and  any  linear  compound 
of  the  us,  such  as  A^»,.,  thus  admitting  of  the  ends  of  a  table — 
always  a  difficulty  in  the  application  of  the  summation-formula 
method — being  dealt  with  by  a  method  consistent  with  that 
employed  for  the  intermediate  terms,  and  (2)  by  introducing 
the  test  of  accuracy",  which  may  in  certain  circumstances  be 
preferable  to  the  test  of  "  smoothness."  They  have  also  con- 
tributed materially  to  clearness  of  ideas  Ijy  defining  with  precision 
the  conditions  on  which  the  applicability  of  the  general  theory 
depends.  Dr.  Sheppard's  algebraical  work,  being  adapted  to  the 
determination  of  the  /th  even  or  odd  central  difference  of  «r  for 
a  general  value  of  j,  is  difficult,  but  simpler  methods  are 
available  for  deducing  the  formulas  required  for  actuarial  purposes. 
The  subject  has  recently  attracted  the  attention  of  American 
actuaries,  and  reference  may  be  made  to  papers  by  R.  Henderson 
and  J.  11.  Larus,  Jr.,  and  to  remarks  on  Larus's  paper  by  Mervyn 
Davis  {T.A.S.A.,  vol.  xvii,  p.  46,  and  vol.  xix,  pp.  14,  299). 
Larus  claims  that  with  the  aid  of  a  calculating  machine  the  work 
entailed  liy  a  graduation  by  a  formula  of  maximum  smoothing-power 
is  little,  if  any,  more  than  that  required  in  the  case  of  a  simple 
summation  formula,  and  that  it  requires  fewer  checks.  If  this  is 
the  fact,  it  must  be  admitted  that  no  very  obvious  reason  can  be 
adduced  for  using  even  the  best  summation  formula  in  preference 
to  the  corresponding  formula  of  maximum  smoothing-power.  \Ye 
have  little  doubt,  however,  that  summation  formulas  will  still  be 
used,  and  we  should  hesitate  to  say  that  at  present  there  is  any 
scientific  obligation  on  actuaries  who  have  been  accustomed  to  use 
them  in  private  work  to  give  them  up  in  favour  of  the  newer 
formulas.     They  are  simple  in  form,  convenient  in  application,  and, 
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at  their  best,  effective  instruments  of  graduation  in  any  case  in 
which  the  data  are  sufficiently  extensive  for  a  linear  compound 
to  give  good  results ;  they  also  admit  of  some  discrimination 
between  "accuracy"  and  "smoothness"  according  to  the  character 
of  the  data.  And  it  is  to  be  remembered  that  the  test  by 
which  we  say  that  they  are  not  the  "  best "  is,  although  probably 
fairly  reliable,  to  some  extent  arbitrary.  The  application  of  the 
theory  of  reduction  of  error  to  actuarial  data  has  not  yet  been 
worked  out.  There  is  usually  some  correlation  of  error  in  such 
data,  as  Dr.  Sheppard  has  pointed  out  {J. I. A.,  vol.  xxxviii, 
pp.  903-4),  and  certainly  a  great  deal  in  their  third  differences ; 
moreover  the  observations  are  of  varying  weights.  A  test  based  on 
the  assumption  that  the  errors  are  independent  and  have  the  same 
mean  square  does  not,  therefore,  enable  it  to  be  said  with  absolute 
confidence  that  a  particular  formula  is  the  "best  "  even  as  regards 
accuracy. 


CORRESPONDENCE. 


A  NEW  METHOD  OF  VALUING  POLICIES  IN  GROUPS. 

To  the  Editors  of  the  Journal  of  the  Institute  of  Actuaries. 

Dear  Sirs, — In  accordance  with  a  suggestion  by  Mr.  Lidstone 
I  have  tested  the  application  of  the  method  described  in  the  above- 
mentioned  paper  [J. I. A.,  April  1920),  to  the  calculation  of  expected 
claims. 

Applying  it  to  the  data  of  Table  I,  I  have  obtained  the  following 
results  : 

Whole-Life  Assurances.         Expected  Claims  O^^. 

a,  13  metJiocl. 
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I  am  indebted  to  Mr.  Lidstone  for  pointing  out  to  me 

(1)  that  if  the  a,  /?  expression  for  the  value  Ije  written  in  the 
form  a'l  +  l3'^\  where  a  =a-  i-o(3,  the  multipliers  of 
a  and  ft  can  be  obtained  by  a  double  summation,  the 
multiplications  by  i-S,  &c.,  being  thereby  avoided  ; 

(i!)  that  if  the  S's  are  constant,  my  method  will  produce  accurate 
results,  whatever  the  values  of  the  ?('s. 

Yours  faithfully, 

H.  L.  TKACHTEXBERG. 

National  Institute  for  ITedical  Research, 
Samps tead,  N.W.  3. 

11  January  1921. 


A 


Oct.  1921.1  405 


JOURNAL 


OF    THE 


INSTITUTE    OF    ACTUARIES 


Superannuation  Funds.  Notes  on  some  Post-War  Problems, 
tofjether  with  an  account  of  a  Pensioners'  Mortality  Experience 
[Civil  Service  Pensioners,  1904-1914).  By  G.  S.  W.  Epps, 
B.A.,  F.I. A.,  of  the  Government  Actuary's  Department. 

[Submitted  to  the  Institute.  21  March  1921.] 

Introductory. 

1 .  _L  HE  ordinary  member  of  a  pension  fund,  if  asked  whether 
there  is  any  connection  between  the  high  cost  of  living  at  present 
oppressing  him  and  the  security  of  the  pension  to  which  he  looks 
forward  to  support  him  in  his  old  age  many  years  hence,  would 
probably  fail  to  discover  that  the  one  is  related  to  the  other> 
The  financial  position  of  pension  fmids  is,  however,  fundamentally 
afiected  by  the  sudden  drop  in  the  purchasing  power  of  the 
sovereign  during  the  last  few  years  and  more  directly  by  the 
enhanced  scales  of  salaries  or  wages  which  have  resulted  from 
the  change  in  the  value  of  money,  and  it  is  to  be  feared  that  in 
many  funds  a  very  serious  position  has  to  be  faced.  The  actuary 
who  is  called  upon  to  ad\ase  as  to  the  situation  and  to  formulate 
remedies  by  which  equilibrium  may  be  restored  has  not  only 
difficult  professional  problems  to  grapple  with,  but,  having  made 
up  his  mind  as  to  the  course  to  be  recommended,  he  has  to  carrj- 
with  him  the  responsible  officers  of  the  fund,  who  in  their  turn 
have  to  secure  the  co-operation  of  the  employer  and  also  the 
assent  of  the  ''  ordinary  member  '"  of  the  fund,  to  whom  I  have 
referred  above,  to  the  remedies  put  forward. 
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In  the  following  paper  the  new  conditions  which  have  arisen 
since  the  beginning  of  the  war  are  broadly  examined,  and  it  is 
hoped  that  those  of  our  craft  who  have  had  practical  experience 
of  the  difficulties  to  be  overcome  and  of  the  pitfalls  to  be  avoided 
will  welcome  an  opportunity  of  comparing  notes  for  the  benefit 
of  the  profession  as  a  whole. 

2.  In  the  present  paper  I  have  limited  my  remarks  to  schemes 
where  the  contributions  and  benefits  vary  with  the  emoluments 
received  by  the  members.  There  are,  of  course,  especially  in 
the  case  of  wages  staffs,  schemes  where  the  rules  provide  for 
uniform  contributions  and  benefits,  and  in  many  of  these  it  will 
doubtless  be  necessary  to  re\ase  the  benefits  in  order  to  bring 
them  into  line  ^\^th  the  smaller  purchasing  power  of  money.  In 
such  schemes,  however,  the  increases  of  benefits  and  of  contri- 
butions would  not  arise  automatically  under  the  rules  hitherto 
in  force — as  is  the  case  in  the  schemes  discussed  in  this  paper — 
but  would  have  to  be  secured  by  something  in  the  nature  of  a 
supplementary  scheme,  special  arrangements  being  required  to 
deal  with  existing  members  as,  for  example,  are  necessary  in  the 
case  of  a  new  fund.  As  an  illustration  of  what  has  just  been 
said  I  may  refer  to  the  recent  revision  of  National  Health  Insur- 
ance. Under  the  Act  of  1920  the  benefits  and  contributions 
were  increased  by  roughly  one-half,  the  additional  contribution 
being  so  calculated  as  to  make  a  small  part  of  it  available  as  a 
sinldng  fund  payment  to  redeem  the  additional  reserve  values 
which  were  required  in  the  case  of  existing  insured  persons  ;  the 
principle  of  a  uniform  contribution  payable  by  entrants  of  all 
ages,  adopted  in  the  original  scheme  of  1911,  was  thus  continued. 

3.  The  position  of  a  member  of  an  ordinary  pension  fund 
differs  from  that  of  a  person  insured  under  a  life  assurance  or 
annuity  contract  in  that  the  contributions  and  benefits  of  the 
former  are  not  definitely  fixed  in  terms  of  money  when  he  enters 
into  insurance.  He  does  not  pay  a  uniform  contribution 
year  by  year,  but  his  contributions  are  expressed  as  a 
proportion  of  the  salary  which  he  may  enjoy  when  each 
payment  falls  due.  Similarly  he  does  not  know  at  the 
outset  what  his  pension  will  be  on  retirement,  the  scheme  pro- 
\dding  for  the  rate  appropriate  to  his  case  to  be  ascertained, 
when  he  becomes  a  pensioner,  by  reference  to  the  length  of  his 
service  and  to  the  salary  he  has  earned  during  the  whole  or  part 
of  the  period.  It  follows  that  in  calculating  the  proportion  of 
salaries  required  as  a  contribution  to  a  fund  out  of  which  specified 
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benefits  are  to  be  pro\aded  a  salary  scale  varying  from  age  to  age 
has  to  be  assiuned,  and  that  the  financial  equihbrium  of  the 
fund  at  subsequent  valuations  depends,  inter  alia,  upon  the 
maintenance  of  that  scale.  During  recent  years  the  rates  of 
pay  both  of  salaried  staffs  and  of  wages  employees  have  increased 
very  materially  mainly  as  a  result  of  high  prices,  and  the  salary 
scales  hitherto  adopted  are  no  longer  appropriate.  The  actuarial 
basis  of  each  scheme  has  accordingly  to  be  reconsidered  ab  initio  ; 
in  the  first  place  to  ascertain  whether  the  percentage  of  salary 
payable  as  a  contribution  to  the  fund  ought  to  be  varied  in  the 
case  of  new  entrants,  and  secondly,  to  estimate  the  increased 
liability  falhng  upon  the  fund  in  respect  of  existing  members. 

Post-War  Level  of  Salaries. 

4.  Very  full  information  is  given  in  the  Labour  Gazette, 
which  is  published  towards  the  end  of  each  month  by  the  Ministry 
of  Labour  as  to  current  rates  of  wages.  Articles  are  included 
monthly  summarising  changes  which  have  been  reported  in  the 
preceding  month,  and  also  awards  given  by  arbitrators  under 
various  Acts  of  Parliament,  for  example,  the  Industrial  Courts 
Acts,  1919.  Special  articles  appear  from  time  to  time  reviewing 
the  position  and  drawing  general  conclusions  as  to  the  current 
situation.  In  many  industries  agreements  have  been  made 
pro\'iding  for  the  regular  and  automatic  adjustments  of  wage 
rates  in  accordance  with  variations  in  the  cost  of  living.*  The 
general  principle  of  the  agreements  is  that  a  given  amount  of 
rise  or  fall  in  the  cost  of  Uving  shall  be  followed  by  a  definite 
amount  of  increase  or  decrease  in  wage  rates.  In  nearly  all 
cases,  the  statistics  compiled  each  month  by  the  Ministry  of 
Labour,  which  are  designed  to  indicate  the  average  increase  in 
the  cost  of  maintaining  unchanged  the  pre-war  standard  of 
living  of  working  class  famihes,  have  been  adopted  as  providing 
the  most  suitable  indication  of  the  variations  in  the  cost  of 
living  for  the  purpose  of  these  agreements.  It  is  worthy  of  note 
that  in  most  cases  the  agreements  contain  pro^nsions  under 
wliich  increases  in  wages,  or  bonuses,  equivalent  to  the  full 
amount  of  increase  sho\\Ti  by  the  index  number,  are  granted 
only  to  the  lower  paid  workers. 

5.  From  the  point  of  view  of    our    present  enquiry  it  is 
regrettable  that  the  official  returns  deal  mainly  with  wages  staffs, 

*  Special  articles  on  this  subject  will  be  found  in  the  Labour  Gazette  lor 
November  191'J  and  December  1920. 
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and  that  less  complete  information  is  available  in  the  case  of 
salaried  staffs.  With  certain  important  exceptions  httle  is 
published  officially  bearing  on  the  present  level  of  salaries,  and 
it  would  appear  that  in  most  salaried  services  official  arbitration 
is  not  sought  and  that  private  awards  are  neither  reported 
ofiicially  to  the  3Iinistry  of  Labour  nor  published  in  the  news- 
papers. In  this  connection  I  was  interested  in  looldng  through 
the  files  of  the  Labour  Gazette  to  observe  that  an  award  had  been 
made  covering  the  staft's  of  the  principal  banks  in  Ireland  ;  in 
these  democratic  days  it  was  not  surprising  to  find  that  the 
notice  was  sandwiched  between  paragraphs  referring  to  "'  Skip 
and  basket  manufacture  (Yorkshire)  '"'■  and  '''  Shuttle-maldng 
Industry  (Lancashire)  "  ! 

6.  In  one  scheme  -udth  which  I  am  familiar  the  war  bonus 
took  the  simple  shape  of  a  constant  addition,  together  with  a 
percentage  addition  to  pre-war  salary,  a  larger  proportionate 
increase  being  thus  automatically  secured  to  the  lower  paid 
workers.  In  other  schemes  somewhat  similar  results  are 
achieved  by  decreasing  the  percentage  of  salary  given  as  bonus, 
as  the  basic  rate  rises.  Again,  some  war  bonuses  have  been 
converted  (or  part  of  them)  into  consolidated  pay,  others  are 
still  merely  temporary  adjustments  of  salary,  the  basic  rates 
remaining  unchanged.  Further,  practice  probably  differs  as  to 
the  treatment  of  war  bonus  in  reckoning  superannuation  rights  ; 
in  one  instance  I  noticed  that  in  calculating  pensions  the 
"  final  salary  "  is  normally  taken  at  the  pre-war  rate  with,  the 
addition  of  three-quarters  of  the  war  bonus  current  at  the  date 
of  retirement.  Presumably,  as  soon  as  prices  become  stabilised 
new  scales  of  permanent  salaries  will  be  adopted  approximating 
to  the  old  scales  increased  by  the  war  bonuses  then  current,  but 
in  the  meantime  it  is  e\ndent  that  the  rapidly  shifting  conditions 
make  the  selection  of  a  salary  scale  for  valuation  purposes  an 
extremely  difficult  matter. 

7.  The  cost  of  living  increased  gradually  but  continuously 
during  the  early  years  of  the  war,  the  curve  becoming  steeper 
from  the  begimiing  of  1918  ;  after  a  sfight  fall  in  the  middle  of 
1919  a  rapid  increase  was  observed  each  month  until  the  curve 
commenced  to  fall  in  November  last.  I  do  not  propose  to  make 
any  rash  speculation  as  to  the  level  to  which  prices  vnll 
ultimately  fall,  and  base  new  salary  scales  in  relation  thereto. 
In  the  present  enquiry  I  think  the  most  practical  course  is  to 
take  illustrative  examples  showing  the  efiect  of  adjustment  of 
salaries  on  various  bases  : — 
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{a)  that  all  pre-war  salaries  \vill  be  doubled. 

(6)  that  all  pre-war  salaries  ^vill  be  increased  by  a  level  £50 
and  by  a  proportionate  increase  of  50  per-cent. 

(c)  that  all  pre-war  salaries  will  be  increased  by  a  level  £100. 

These  adjustments  have  been  applied  to  a  pre-war  salary 
scale  commencing  at  £50  at  age  18  and  rising  to  £347  at  age  65. 
Specimen  figures  are  as  follows  : — 


Salai7  Scale 

I 

II 

III 

IV 

Percentage 
addition   lo 
pre-war  sal- 
ary .. 

1 

100% 

50°o 

Constant 
addition  to 
pre-war  sal- 

1 

£50 

£100 

ary.. 

Age 

Salary 

Rate  of 
Increase 

Salary      Rate  of 
Increase 

Salary      Rate  of 
Increase 

Salary 

Rate  of 
Inciease 

18 

£ 
50 

c 

,  0 

c             o/ 
*              /o 

100 

•P        1            0/ 
*"                /o 

125 

£ 
150 

0' 

,  o 
... 

20 

62 

11 

124            11 

143              7 

162 

4 

30 

138 

8 

276              8 

257              6 

238 

4 

■40 

225 

4 

150              4 

388             U 

325 

3 

50 

300 

.■) 

600              2 

500             2 

400 

n 

60 

338 

1 

676             1 

557              1 

438 

1 

The  progression  in  the  rate  of  increase  is  the  same  in  Scales  I 
and  II,  but  is  very  much  flatter  in  Scale  IV,  Scale  III  being 
between  the  two. 

8.  In  adjusting  salaries  by  a  percentage  or  a  constant,  or  a 
combination  of  both,  the  salary  scale,  being  based  on  averages, 
is  arrived  at  from  the  old  scale  by  the  same  adjustment,  and  the 
financial  efiect  of  the  variation  is  readily  obtained  by  calculating 
two  sets  of  commutation  colunms  (i)  based  on  the  old  scale 
and  (ii)  based  on  a  constant  scale  ;  by  combining  these  any 
number  of  examples  can  easily  be  worked  out.  The  position 
is  of  course  more  complicated  where  it  is  not  practicable  to 
express  the  adjustment  in  this  simple  form,  as  the  ultimate 
effect  on  the  salary  scale  would  depend  on  the  proportions  of 
the  several  rates  of  salary  expected  at  individual  ages. 

9.  For  simphcity  I  have  assumed  in  the  examples  given  in  a 
later  stage  of  the  paper  that  the  change  of  salary  basis  has 
occurred   immediately    before   the    valuation ;     in   practice,    of 
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course,  the  new  level  will  only  be  reached  gradually,  but  for 
illustrative  purposes  refinement  on  this  point  does  not  seem 
necessary. 

Interest. 

10.  In  common  with  other  insurance  institutions  pension 
funds,  as  a  general  rule,  have  the  very  serious  problem  of 
depreciation  of  existing  investments  to  face.  Reserves  which 
were  accumulated  when  the  rate  of  interest  yielded  was  no  more 
than  3  or  3|  per-cent  have  dropped  to  a  level  corresponding 
with  the  high  rates  of  interest  at  present  obtainable  in  respect 
of  new  investments,  and,  apart  from  other  sources  of  loss,  serious 
deficiencies  have  doubtless  accrued  from  this  cause,  especially 
in  the  case  of  old  estabhshed  funds.  It  is,  of  course,  true  that 
materially  higher  rates  than  those  assumed  in  past  valuations 
can  be  looked  for  in  the  case  of  the  accruing  funds  to  be  invested 
for  many  years  to  come  ;  but  the  question  as  to  how  far  it  is 
prudent  to  meet  past  depreciation  by  raising  the  valuation  rate 
of  interest  is  one  of  extreme  difficulty,  the  solution  of  which 
throws  a  great  responsibility  on  the  actuary  concerned.  Different 
problems  arise  where  the  fund  has  the  benefit  of  a  guaranteed 
rate  of  interest  and  the  risk  of  depreciation  is  absent.  In  such 
cases  the  interest  granted  was  often  in  excess  of  that  ordinarily 
obtainable  on  trustee  investments  and  the  members  have  derived 
a  substantial  benefit  from  the  guarantee  of  a  liberal  rate  without 
fear  of  depreciation  of  capital  during  the  troublous  years  of 
changing  values.  Proposals  will  doubtless  be  made  by  the 
members  of  many  of  these  funds  that  the  guaranteed  rate  of 
interest,  at  any  rate  for  future  savings,  should  be  brought  into 
line  with  the  enhanced  rates  now  prevailing  ;  but  it  is  evident 
that  in  considering  a  request  of  this  kind  all  the  circumstances 
of  the  arrangement  should  be  taken  into  account,  due  regard 
being  had  to  the  relations  of  the  guaranteeing  authority  to  the 
beneficiaries  of  the  fund,  and  to  the  advantages  which  have 
accrued  under  the  guarantee  in  the  past. 

In  a  later  stage  of  this  paper  examples  are  given  illustrating 
the  weight  of  the  interest  factor. 

Income  Tax. 

11.  Before  leaving  the  question  of  interest  it  is  fitting  to 
refer  to  the  liabilities  of  pension  funds  in  respect  of  income  tax. 
Under  existing  law  a  fund  is  required  to  pay  tax  on  all  interest 
received,  but  is  allowed  as  a  set-ofi  (not  exceeding  the  tax  paid 
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on  interest)  the  tax  which  is  recovered  (or  would  be  recovered 
if  its  members  were  not  wholly  or  partially  exempt)  from  the 
pensions  payable  to  superannuated  members.  The  present 
position  is  set  out  in  a  memorandum*  prepared  by  the  Board  of 
Inland  Revenue,  at  the  request  of  the  Royal  Commission  on  the 
Income  Tax,  "\vith  regard  to  the  position  of  superannuation  funds 
of  public  companies  and  corporations  in  relation  to  the  income 
tax.  By  the  courtesy  of  the  Controller  of  His  Majesty's 
Stationery  Office  this  memorandum  is  reprinted  as  an  appendix 
to  this  paper. 

12.  The  effect  of  the  present  arrangement  is  that  during  the 
early  years  of  a  scheme  interest  payments  are  subject  to  the 
full  rate  of  tax,  and  the  rapid  accumulation  of  funds  which  is 
required  at  this  stage  is  seriously  hampered  by  the  heavy  demands 
for  income  tax.  It  is  not  until  the  pension  liabiHties  begin  to 
mature  that  the  fund  can  get  any  relief  from  this  strain,  and  the 
full  rehef  is  not  reached  until  the  pension  commitments  are 
equal  to  the  gross  interest  receipts. 

13.  This  subject  was  exammed  recently  by  the  Royal 
Commission  on  the  Income  Tax,  their  conclusions  being  set  out 
in  Part  III,  Section  XVI  of  their  Report .f  In  the  case  of 
Superannuation  Fimds  the  Commission  recommended  unani- 
mously that  these  funds  should  be  exempt  from  income  tax  and 
that  aU  pensions  should  be  regarded  as  income  and  assessed  in 
the  hands  of  the  recipients,  \vith  the  proviso  that  the  managers 
of  the  various  funds,  as  a  condition  of  exemption,  should  be 
required  to  give  all  necessary  information  for  the  due  assessment 
of  the  pensions.  This  recommendation  is,  of  course,  of  great 
importance  especially  at  the  present  time,  having  regard  to  the 
high  rate  of  tax  now  in  force. 

The  strain  of  the  present  practice  is  clearly  seen  from  the 
evidence  submitted  to  the  Commissioners.  A  witness  speaking 
on  behalf  of  a  number  of  funds  with  a  total  membership  of  over 
58,000  and  assets  of  nearly  seven  miUions  [Mitchell,  Q.  4465 
et  seq.)  stated  that  their  present  commitments  for  pensions  were 
less  than  one  half  of  their  income  from  investments  and  that, 
quite  apart  from  the  losses  due  to  past  depreciation,  many  funds 
were  unable  to  earn  even  on  their  new  investments  the  net  rate 
assumed  in  the  actuarial  basis. 

*  Royal  Commission  on  the  Income  Tax  ;    Appx.  48(a)  of  the  Seventh 
Instalment  of  the  ilinutes  of  Evidence  (Pari.  Paper,  Cmd.  288-7). 

t  Pari.  Paper.  Cmd.  615  of  1920. 
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Those  who  are  responsible  for  existing  funds  or  who  are 
proposing  to  initiate  new  schemes  will  no  doubt  be  keenly  dis- 
appointed that  legislative  sanction  for  the  above  recommendation 
was  not  included  in  the  Finance  Act  of  1920  which  gave  effect  to 
the  main  recommendations  of  the  Commissioners* 

14.  Although  it  is  not  strictly  cognate  to  the  subject  under 
discussion  I  think  it  will  be  of  interest  to  refer  briefly  to  certain 
other  recommendations  made  in  the  same  section  of  the  Report 
in  regard  to  Provident  and  Thrift  Funds.  The  scope  of  Super- 
annuation Funds  and  Provident  Funds  respectively  Avas  broadly 
defined  by  the  Commissioners  as  follows  : — 

Superanniiatian  Funds. 

(a)  deductions    are    made   from   the 

salaries  or  wages  of  the  employees 
and  paid  over  by  the  employer 
to  the  fund  ; 

(b)  the      employer      contributes      a 

further  sum  to  the  fund  ; 

(c)  these  contributions  from  employer 

and  employees  are  invested,  and 
the  capital  of  the  fund  consists  of 
the    accumulated    contributions 
with,  interest  additions  ; 

(d)  on  retirement,  at  a  specified  age 

or  on  previous  incapacity,  the 
employee  receives  from  the  fund 
a  pension,  based  on  the  salary  or 
wages  received  by  him  during  his 
period  of  service  with  the 
employer ; 

(c)  in  the  event  of  the  emplo3"ee 
leaving  the  service  of  the 
emplojer  he  receives  back  his 
contributions,  with  or  ■\^•ithout 
interest,  according  to  the  con- 
stitution of  the  particular  fund  ; 

(/)  in  the  event  of  an  employee 
d^ing  before  he  becomes  entitled 
to  superannuation,  his  legal 
representatives  receive  a  sum 
equal  to  twice  the  amount  of  his 
contributions,  with  or  without 
interest,  according  to  the  consti- 
tution of  the  particular  fund. 

The  Commissioners  arrived  unanimously  at  the  conclusion  that 
in  either  case  the  employer's  contribution  (if  it  is  made  to  a 
recognized  fund  and  is  irrecoverable)  could  properly  be  regarded 

*  Since  the  paper  was  read  the  law  has  been  amended  by  Section  32  of  the 
Finance  Act,  1921.  Subject  to  regulations  to  be  made  by  the  Commissioners  of 
Inland  Revenue  the  income  of  superannuation  funds  will  not  in  future  be  liable 
to  income  tax. 


Fravident  and  Thrift  Funds. 

(a)  deductions  are  made  from  the 
salaries  or  wages  of  the  em- 
jJoyees,  and  paid  over  by  the 
emploj-er  to  the  fund  ; 

lb)  the  employer  also  contributes  a 
sum,  usually,  but  not  necessarilj', 
equivalent  to  the  amount  de- 
ducted from  the  employees  : 

(r)  the  total  contributions  are  in- 
vested, and  the  capital  of  the 
fund  consists  of  the  accumidated 
contributions  with  interest  ; 

(d)  on  retirement  at  a  specified  age, 

or  on  jn-evious  incapacity  or 
death,  the  employee,  or  his  legal 
representative,  receives  from  the 
fund  a  capital  sum  equal  to  his 
o\ni  and  the  employer's  con- 
tribution with,  interest  : 

(e)  in    the    event    of    an    employee 

leaving  the  service  of  the  em- 
ploj'er  he  receives  back  his 
contributions  ■with  interest. 
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as  a  business  expense  and  should  be  allowed  as  a  deduction  in 
arriving  at  his  Income  Tax  assessment.  The  majority,  howev^er, 
drew  a  distinction  between  the  two  types  of  funds  and  Kmited 
to  Superannuation  Funds  their  recommendations  : — 

(i)  that  the  contribution  of  an  employee  should  be  allowed 

as  a  deduction  from  the  income  upon  which  his  income 

tax  would  otherwise  be  charged,  and 
(ii)  that   the    interest    earned   by   the    investment    of   the 

employers'    and    employees'    contributions    should    be 

exempt. 
Mr.  Geoffrey  Marks  in  a  Reservation  to  this  Section  of  the 
Report  expressed  the  view  that  there  is  no  difference,  either  in 
their  principles  or  practice,  which  would  warrant  the  appHcation 
of  different  principles  of  taxation  to  these  funds.  He  drew 
attention  to  the  fact  that  the  method  by  which  the  two  classes 
of  funds  are  built  up  (set  out  in  parallel  columns  above)  and  the 
benefits  which  they  give  are  identical,  except  to  the  extent  that 
there  is  no  direct  pro\asion  in  a  Provident  and  Thrift  Fund  for 
payment  of  pensions.  Since,  however,  a  capital  sum  received 
from  such  a  fund  can  be  converted  into  an  annuity  Mr.  Marks 
concluded  that  this  power  places  the  beneficiaries  in  each  class 
of  fund  on  exactly  the  same  footing  and  recommended  that  the 
same  principles  of  taxation  should  be  applied. 

ExA^nxATiox  OF  Maix  Problem  by  Illustratioxs. 

l-j.  Returning  to  my  main  theme  I  think  the  best  plan  will 
be  to  proceed  in  its  examination  by  a  series  of  examples.  Ha\'ing 
regard  to  the  number  of  variables  which  have  to  be  taken  into 
account  in  pension  fund  problems  it  is,  of  course,  inevitable  that 
each  case  has  to  be  considered  on  its  indi\ddual  merits  and 
caution  must  be  exercised  in  drawing  general  conclusions  from 
any  particular  fund.  As  has  been  pointed  out  in  pre\'ious 
papers,  anything  in  the  nature  of  a  "  model  office  ",  with  which 
we  are  familiar  in  our  discussions  on  Mfe  office  business,  is 
inappropriate  to  the  examination  of  superannuation  questions, 
but  it  is  thought  that  a  series  of  examples  using  different  salary 
scales  apphed  to  the  same  ser\'ice  table  will  give  some  general 
indication  of  the  change  from  the  old  to  the  new  conditions. 

Active  Service  Table. 

16.  For  my  examples  I  have  employed  a  hypothetical  service 
table  which  is  assumed  to  relate  to  a  well  estabhshed  and  efficient 
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service  recruited  by  a  regular  flow  of  selected  entrants  at  age  18 
and  exhibiting  low  rates  of  mortality  and  of  withdrawal.  A  large 
proportion  of  the  sur\dvors  to  age  60  retire  near  that  age,  a  few 
dropping  out  during  the  following  quinquennium,  and  the 
remainder  being  placed  on  the  pension  Hst  at  age  65.  Before  age  60 
superannuation  is  limited  to  cases  of  ill-health.  Specimen  rates 
of  mortality,  withdrawal  and  retirement  at  quinquennial  ages 
are  as  follows  : — 


Age 

Rate  of 

Mortality 
(active  list) 

Withdrawal 

Retirement 

18 

•001 

■018 

20 

•001 

•013 

25 

•001 

•004 

■001 

30 

•001 

•001 

•002 

35 

•002 

•003 

40 

•003 

•004 

45 

•004 

•005 

50 

•007 

•010 

55 

■012 

•024 

60 

•019 

•290 

Pensioners'  Mortality  Rates. 

17.  For  the  mortahty  rates  of  pensioners  I  have  had  access 
to  a  new  table  recently  compiled  from  certain  pubUshed  returns 
relating  to  retired  Civil  Servants.  As  there  are  certain  dis- 
tinctive features  in  the  experience,  a  short  account  of  the  com- 
pilation of  the  table  may  be  of  interest.  In  order  to  retain  the 
continuity  of  the  paper  I  have  reserved  for  an  Addendum  the 
examination  of  the  new  experience  from  which  both  aggregate 
and  select  tables  have  been  deduced.  In  the  examples  which 
are  given  in  the  following  paragraphs  the  select  rates  of 
pensioners'  mortality  have  been  employed  ;  but  a  comparison 
of  the  results  brought  out  by  using  the  select  and  aggregate 
tables  respectively  will  be  found  in  Part  II  of  the  Addendum, 
together  with  some  general  remarks  on  the  use  of  select  rates 
in  valuing  prospective  pensions. 

Effect  of  Increased  Salaries. 
(a)  Position  of  New  Entrants. 

18.  I  now  propose  to  deal  with  the  effect  of  increased 
salaries,  and  consider  first  the  position  of  future  entrants 
to  a  scheme.     It  is,  of  course,  evident  that  where  the  salaries 
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of  all  the  staff  have  been  increased  proportionately  the  per- 
centage of  salary  required  as  contribution  under  a  s/ieme  is 
not  affected.  Where,  however,  the  increases  granted  to  the 
lower  paid  officers  have  been  larger  in  relation  to  their  pre-war 
salaries  than  those  given  to  the  more  highly  paid  officers,  the 
progression  of  salary  from  age  to  age  is  affected  and  the  new 
salary  scale  is  flatter  than  the  old  scale.  It  follows  that  during 
the  early  years  of  membership  a  larger  accumulation  of  reserves 


2'ahle  of  Contributions  {Entry  Age  18) 


Rate  of  Interest 

4    PER-CENT 

5    PERCENT 

Salary  Scale 

I 

II 

III 

IV 

I 

II 

III 

IV 

Percentage     addi- 

tion to  pre-Avar 
salary  ... 
Constant  addition 

100% 

50% 

100% 

50% 

to  pre-^^'ar  salary 

£50 

£100 

£50 

£100 

Contribution  : — 

(Final  Salary) 
4%     Returns     on 

O' 

/o 

% 

% 

% 

/o 

O' 

/o 

% 

0' 

/o 

^Vithdra^^"aI    . . . 

-02 

■02 

-03 

•04 

•03 

•03 

-03 

•04 

8%     Returns     on 

Death 

•70 

•70 

-69 

•67 

•61 

•61 

-59 

•58 

Pension      (Final 

Salary) 
(a)  Total* 

10-72 
11-44 

10-72 

9-75 

8^57 

8^16 

8-16 

7-35 

6-38 

11-44 

10-47 

9-28 

8^80 

8-80 

7-97 

7-00 

Reduction       from 

Scale    I    (40o)t 

•97 

2^16 

2-64 

2-64 

3-47 

444 

Relation  to 

Scale  I 

100 

100 

92 

81 

77 

77 

70 

61 

Contribution  : — 

(Average  Salar;*-) 
2h%    Returns    on 

Withdrawal    ... 

-02 

-02 

•02 

•02 

-02 

-02 

•02 

•03 

5°o     Returns     on 

Death  

-44 

-44 

-43 

•42 

-.38 

-38 

•37 

•36 

Pension    (Average 

Salarj-) 
(6)  Total* 

6-56 

6-56 

6-32 

6^02 

4-99 

4-99 

4^76 

4^49 

7-02 

7-02 

6-77 

6^46 

5-39 

5-39 

515 

4^88 

Reduction  from 

Scale    I    (40o)t 

•25 

•56 

163 

1-63 

1-%1 

214 

Relation  to  Scale  I 

100 

100 

1 

96 

92 

77 

77 

73 

70 

*  Referred  to  below  as  "  minimum  contribution,"  i.e.,  the  contribution 
required  to  support  the  benefits  in  the  case  of  a  new  entrant. 

t  Referred  to  below  as  "  surplus  contribution." 
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can  be  made,  and  consequently  a  smaller  percentage  of  salary 
is  needed  to  support  the  benefits,  the  drop  being  more  marked 
where  pensions  are  based  on  terminal  salaries. 

19.  To  illustrate  this  point  the  contributions  needed  under 
the  various  assumptions  as  to  salaries  given  above  (para.  7)  have 
been  calculated  for  pensions  of  one-sixtieth  of  salary  for  each 
year  of  service  (^\^thout  limit)  based  on  (a)  final  salary  or  (6) 
average  salary.  In  the  former  case  returns  of  4  per-cent  of  salaries 
(without  interest)  on  withdrawal  and  8  per-cent  on  death  have 
been  assumed,  and  in  the  latter  2|  per-cent  and  5  per-cent 
respectively.  In  order  that  the  examples  may  not  be  unduly 
complicated  the  contribution  required  for  expenses  of  adminis- 
tration has  been  omitted. 

20.  It  will  be  seen  that  under  the  new  scales  of  salary  (III 
and  IV)  considerably  reduced  contributions  suffice  to  support 
the  benefits,  especially  where  pensions  are  based  on  final  salaries, 
and  that  the  proportionate  reduction  of  contribution  is  practically 
the  same  at  either  rate  of  interest.  Thus  the  change  from  I  to  lY 
reduces  the  contribution  (final  salaries)  almost  as  much  as  the 
variation  in  the  rate  of  ifiterest,  and  the  combined  effect  of 
salary  adjustment  and  of  increased  interest  is  to  diminish  the 
contribution  by  39  per-cent.  Even  in  the  less  extreme  case 
(III)  the  contribution  can  be  abated  by  30  per-cent  of  the  old 
scale  if  interest  is  raised  to  5  per-cent. 

(h)  Valuation  Reserves. 

21.  Passing  to  the  effect  of  the  changes  on  valuation  reserves 
I  give  summaries  of  results  on  the  several  bases.  In  each  case 
the  aggregate  liabihties  in  respect  of  the  individual  benefits  are 
shown,  and  the  reserves  which  would  be  required  if  the  new 
percentage  contributions  apphcable  to  new  entrants  were  payable 
only.  Smaller  reserves  are  also  shown  taking  credit  for  the  full 
percentage  contribution  assumed  to  be  payable  under  the 
existing  rules  of  the  Fund  (namely,  Salary  Scale  I,  4  per-cent 
interest)^for  convenience  these  are  called  '"  valuation  reserves."' 
X  stationary  membership  of  3,673  on  the  active  list  is  taken,  the 
numbers  at  indi\adual  ages  corresponding  with  the  ser\dce  table, 
and  a  fund  of  £2,209,345  is  assumed  to  be  in  existence.  The 
change  of  salary  scale  is  deemed  to  have  taken  place  immediately 
before  the  valuation. 
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(A)    SU.AIMARIES    OF    A'aLUATIOXS. 

J'ensions  based  on  Final  Salaries. 
(i)  Interest  4  per-cent. 


Salary  Scale 

I 

11 

III 

IV 

Present   Value  of 
4%  Returns  on  Withdrawal 

(a)  Past  Contributions... 

(b)  Future            ,, 

£ 

240 

256 

£ 

240 
512 

£ 

240  1 
540 

£ 

240 

568 

Total         

496 

752 

780  1 

808  ' 

8%  Returns  on  Death 
(a)  Past  Contributions... 
,       (6)  Future 

Total         

84,120 
83,560 

84,120 
167,120 

84,120 
142,172 

84,120 
117,224 

167,680 

251,240 

226,292 

201,344 

1 

'  Pension 

(n)  Back  Service 

(b)  Future       „ 

Total          

2,123,510 
1,219,337 

4,247,020 
2,438,674 

3,502,231 
2,011,646 

2,757,442 
1,584,619 

3,342,847 

6,685,694 

5,513,877 

4,342,061 

Total  Beneats        

"  Minimum"  Contributions 

{-See  Table  para.  19). 
Reserve 

3,511,023 
1,301,678 

6,937.686 
2,603,356 

5,740,949 
2,030,311 

4,544,213 

1,487,287 

2,209,345 

4,334,330 

3,710,638 

3,056,926 

1 
"  Surplus"  Contributions... 
{See   footnote   to   Table, 
para.  19). 
Valuation  Reserve 

2,209,345 

4,334,330 

188,099 
3,522,539 

346,179 
2,710,747 

Deficiency 

Surplus        

2.124.985 

1,313,194 

501,402 
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Salary  Scale 

I 

II 

III 

IV 

Present   Value  of 
4So  Returns  on  Withdrawal 
(a)  Past  Contributions 
(6)  Future 

£ 

236 
240 

£ 

236 

480 

£ 

236 

510 

£ 

236 
540 

Total          

476 

716 

746 

776 

8%  Returns  on  Death 

(a)  Past  Contributions 

(b)  Future 

78,720 
69,056 

78,720 
138,112 

78,720 
117,384 

78,720 
96,656 

Total          

147,776 

216,832 

196,104 

175,376 

Pension 

(a)  Back  Service 
lb)  Future 

1,789,257 
907,727 

3,578,514 
1,815,454 

2,950,956 
1,497,697 

2,323,397 
1,179,940 

Total          

2,696,984 

5,393,968 

4,448,653 

3,503,337 

Total  Beneflts        

"  Minimum  "  Contributions 

{See  Table,  para.  19). 
Reserve       

2,845,236 
899,017 

5,611,516 
1,798,034 

4,645,503 

1,389,482 

3,679,489 
1,010,492 

1,946,219 

3,813,482 

3,256,021 

2,668,997 

"  Surplus  "  Contributions 
{See  footnote  to  Table, 
para.  19). 
Valuation  Reserve 

269,705 
1,076,514 

539,410 
3,274,072 

604,956 
2,651,065 

640,941 
2,028,056 

Deficienc}" 

Surplus 

532,831 

1,064,727 

441,720 

18i,289 

22.  It  is  seen  that  in  the  case  of  pensions  based  on  final 
salaries  the  revaluation  on  a  re%dsed  salary  scale  brings  about 
a  very  severe  deficiency  which  even  in  the  most  favourable  case 
(IV)  amounts  to  18|  per-cent  of  the  reserves  needed.  The 
position  is  improved  by  increasing  the  rate  of  interest,  but  even 
on  this  basis  only  two  valuations  show  surpluses.  Again,  in 
arriving  at  the  valuation  results  no  account  has  been  taken  of 
depreciation  of  existing  securities,  and  the  position  shown  would 
be  reahsed  only  where  the  ftmd  had  had  the  benefit  of  a  guarantee 
against  capital  depreciation.  In  the  case  of  other  funds  not  so 
happily  placed  in  this  respect,  the  heaw  strain  of  depreciation 
would,  of  course,  have  to  be  faced  in  addition  to  the  burden 
arising  from  change  of  salaries  and  a  large  part — ^probably  in 
many  instances  the  whole — of  the  rehef  secured  by  increasing 
the  valuation  rate  of  interest  would  be  swallowed  up  in  writing 
oS  the  capital  losses  of  the  last  few  years. 
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23.  Comparing  the  several  deficiencies  with  the  aggregate 
liabilities  in  respect  of  benefits  it  is  found  that,  in  default  of  other 
methods  of  meeting  the  deficiency,  the  benefits  of  a  scheme  in 
respect  of  which  the  existing  assets  are  assumed  to  be  equal  to 
the  reserves  needed  under  Scale  I  at  4  per-cent,  would  have  to  be 
reduced  by  the  following  percentages  : — 


Rate  of  Interest 

4  ])er-cent 

■j  per-cent 

Scale      I 

nH 

.,       II 

31 

19 

„     III 

23 

10 

„      IV 

11 

... 

(In  the  case  of  Scale  I  the  surplus  resulting  from  a  valuation 
at  the  higher  rate  of  interest  is  equivalent  to  nearly  20  per-cent 
of  benefits,  the  corresponding  figure  for  Scale  IV  being  5  per-cent.) 
24.  The  deficiencies,  however,  arise  mainly  from  the  fact  that 
pensions  are  to  be  assessed  with  reference  to  final  salaries  in 
accordance  with  the  new  scales,  whereas  the  funds  have  been 
accumulated  from  contributions  derived  from  smaller  salaries 
(Scale  I).  This  is  broadly  indicated  by  a  comparison  of  the 
deficiency  (arising  on  revaluation  at  4  per-cent)  ^nth  the 
increased  liabihty  in  respect  of  back-service. 


Scale 

Increased  Liability 

in  respect  of  Back                        Deficiency 
Service 

!     11 

1    III 

!    IV 

£                                      £ 
2,123,510                         2,124,985             | 
1,378,721                         1,313,194 
633,932                           501,402 

This  similarity  of  results  suggests  a  possible  method  of  meeting 
the  deficiency  which  might  be  practicable  in  certain  cases, 
where,  for  example,  the  new  salaries  bear  a  well-marked  relation 
to  the  old  salaries.  The  pension  might  be  calculated  in  two 
portions,  ser\dce  after  the  change  of  scale  ranking  for  sixtieths 
of  the  actual  salary  at  retirement,  whereas  back-service  would 
secure  only  a  pension  based  on  the  salary  which  v/ould  have  been 
payable  had  the  old  conditions  continued.  Under  this  plan  the 
strain  would,  in  effect,  be  apportioned  according  to  years  of 
membership  before  and  after  the  change  respectively,  and  the 


420  Superannuation  Funds.  [Oct. 

older  members  would  not  reap  an  unfair  advantage  at  the  expense 
of  the  younger.  Other  considerations  arise,  however,  where  the 
change  of  salary  scale  is  accompanied  by  an  alteration  of  the  rate 
of  interest.  Here  the  strain  in  applying  the  new  scale  to  back- 
service  is  not  strictly  comparable  with  the  valuation  result 
since  the  increase  of  the  rate  of  interest  has  itself  brought 
substantial  relief.  Having  regard  to  what  was  said  above  with 
respect  to  depreciation  it  might,  nevertheless,  be  found  that 
after  allo^ving  for  this  factor  the  resulting  deficiency  could 
equitably  be  dealt  with  by  reducing  the  back-service  rights  of 
existing  members  on  the  lines  suggested. 

25.  An  alternative  method  of  liquidating  the  deficiency 
without  involving  a  reduction  of  benefits  would  be  by  conversion 
into  an  annuity  payable  by  the  employer  or  shared  between 
him  and  the  members.  For  example,  taking  a  forty-year  term, 
the  payment  would  work  out  as  follows  : — 


Annual  payment 
for  40  years 

Expressed  as  percentage    ' 
of  all  salaries 

1 

Interest  4  per-cent.                         £ 
Scale  II             ...                  105,250 
„     III           ...                    65,050 
„     IV            ...                    24,840 

0/ 

,0 

71 
5-0 
2-2 

Interest  5  per-cent. 
Scale  II 
„     III 

60,540 
25,120 

41 
1-9 

26.  There  are,  however,  certain  difficulties  in  the  above 
methods  of  rearrangement  since  the  rate  of  contribution  strictly 
required  in  the  case  of  new  entrants  is  less  than  the  old  rate  and  a 
valuation  which  takes  credit  for  the  latter  contribution  includes 
negative  values  at  the  younger  ages.  This  applies  not  only  to 
some  of  the  existing  members,  in  whose  case  the  present  value 
of  the  liabihties  is  less  than  the  value  of  the  full  contribution, 
but  also  to  all  new  entrants.  Thus  so  long  as  the  basic  rate  of 
contribution  remained  unchanged  a  negative  value  would  be 
created  on  the  entry  of  each  new  member,  amounting  to  over 
£50  in  the  case  of  Salary  Scale  III  if  interest  is  assumed  at  the 
rate  of  4  per-cent,  or  £150  on  a  5  per-cent  basis.  A  steady  flow 
of  one  hundred  new  entrants  a  year  would  be  represented  by  a 
potential  profit  of  £5,000  or  £15.000  a  year  respectively.  In 
the   latter    case    this    profit,    if    realized,    would    go    a    long 
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way  to  cover  the  interest  (namely,  £22,000  a  year)  needed  on 
the  deficiency  produced  by  the  change  of  valuation  basis  as 
regards  salary  scale  and  rate  of  interest.  In  other  words,  if  the 
old  rate  of  contribution  were  retained  the  surplus  contributions 
paid  by  new  entrants  would  cover  about  two-thirds  of  the 
deficiency  without  the  application  ot  any  special  remedies, 
provided  that  the  regular  influx  of  new  entrants  was  continued. 

27.  Such  a  method  of  attempting  to  carry  a  deficiency 
without  taking  specific  steps  to  secure  equilibrium  might,  however, 
be  open  to  criticism,  and  it  would  appear  preferable  to  make 
definite  arrangements  to  liquidate  the  deficiency  within  a 
reasonable  period.  One  method  of  securing  this  result  would  be 
to  adjust  the  valuation  and  take  credit  for  the  minimum  contri- 
bution only  in  the  first  instance,  negative  values  being  thus 
eliminated.  The  adjusted  deficiency  (further  increased  by  the 
burden  due  to  depreciation  of  securities)  could  then  be  converted 
into  an  annuity  payable  over  a  selected  term.  This  could  be 
expressed  as  a  percentage  of  contributions  and  divided  between 
the  employer  and  the  members  according  to  a  plan  to  be  agreed 
upon.  At  the  end  of  the  term  of  40  years  the  minimum  con- 
tribution only  would  be  required,  and  the  basic  rate  could  be 
reduced  or  the  benefits  revised  in  the  fight  of  the  conditions 
then  obtaining. 

Thus,  applying  this  method  to  Salary  Scale  III,  we  get : — 


1                                                                       ; 

Rate  of  Interest                    1                 4  pcr-ceut               ^                 5  per-cent 

£                  1                    £ 
Valuation  Deficiency          ...                1,313,194             j               441,720 
Present  Value  of  "  Surplus  " 

Contributions     188,099                            604,956 

Adjusted  Deficiencj-            ...                ],. 501,293 
Equivalent  Annuity'  for  40 

years        74,360 

1,046,676 
59,510 

Annuity  expressed   as   Per- 
centage of  Salary 
"  Minimum  "     Contribution 
Total    contribution    for    40 
3'ears  (all  members) 

5-7 
10-.5 

16-2 

4-6 

8-0 

12-6 

Present  contribution 
Increase        

11-4 

4-8 

11-4 
1-2 

It  will  be  noticed  that  apart  from  any  loss  due  to  depreciation 
of  securities,  the  percentage  contribution  (on  the  5  per-cent 

9 
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basis)  would  have  to  be  more  than  1  per-cent  above  the  present 
rate. 

28.  I  now  give  the  corresponding  summaries  of  valuations 
where  pensions  are  based  on  average  salaries.  Here  a  fund  of 
£1,365,332  is  assumed  to  be  in  existence. 


(B)  Summaries  of  Valuations. 


Pensions  based  on  Average  Salaries. 
(i)  Interest  A:  per-cent. 


Salary  Scale 

I 

II 

III 

IV        1 

1 

Present   Value  of 
2i%  Returns  on  Withdrawal 
(fl)  Past  Contributions... 
(6)  Future            ,, 

Total          

£ 

150 
160 

£ 

150 
320 

£ 

150 
338 

£    i 

! 

i 
150  ; 

355   ; 

310 

470 

488 

505 

5%  Returns  on  Death — 
(a)  Past  Contributions... 
1       (6)  Future 

52,575 
52,225 

52.575 
104,450 

52,575 

88,858 

52.575 
73,265 

Total          

104,800 

157,025 

141,433 

125,840 

Pension — 

(a)  Back  Service 
\h)  Future       „ 

Total         

1,060,832 
998,147 

1,060,832 
1,996,294 

1,060,832 
1,679,860 

1.000.832 
1,363,427 

2,058,979 

3,057,126 

2,740,692 

2,424,259 

Total  Benefits        

"  Minimum"  Contributions 

(See  Table,  para.  19). 
Reserve       

2,164,089 

798,757 

3,214,621 

1,597,514 

'  2,882,613 
1,312,818 

2,550,604 
1,035,331 

1,365,332 

1,617,107 

1  1,569,795 

t 

1,515,273 

"  Surplus"  Contributions... 
[See  footnote   to   Tabic, 
para.  19). 
Valuation  Reserve  ...      1,365,332 


1,617,107 


48,479 


89,750 


1,521,316     1,425,523 


Deficiency  ... 
Surplus 


251,775 


155,984 


60.191 
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Salary  Scale 

I 

II 

III 

1— 1 

Present   Value  of 
2J%  Retflms  on  Withdra\val 

(a)  Past  Contributions... 

[b)  Future 

Total          

£ 

148 
150 

£ 

148 
300 

£ 

148 
319 

£ 

148 
338 

298 

448 

467 

486 

5%  Returns  on  Death — 
(a)  Past  Contributions... 
(h)  Future 

Total          

49,200 
43,100 

49,200 
86,320 

49,200 
73,365 

49,200 
60,410 

92,360 

135,520 

122,565 

109,610 

Pension — 

(a)  Back  Ser\-ice 
{b)  Future       ,, 

Total          

908,165 
752,853 

908,165 
1,505,706 

908.165 
1,265,387 

908.165  1 
1,025,067 

1,661,018 

2,413,871 

2,173,552 

1,933,232 

Total  Benefits        

"  IVIinimum"  Contributions 

{See  Table,  para.  19). 
Reserve       

1,753,676 
550,648 

1,203,028 

2,549,839 
1,101,296 

1,448,543 

2,296,584 
897,846 

1,398,738 

2,043,328 
704,457 

1,338,871 

"  Surplus"  Contributions... 
{See  footnote   to   Table, 
jDara.  19). 
Valuation  Reserve 

166,522 
1,036,506 

333,044 
1,115,499 

326,014 
1,072,724 

308,922  1 
1,029,949 

Deficiency 

Surplus 

328^826 

249,833 

292,608 

335,383  1 

29.  It  will  be  observed  that  where  the  average  salary  governs 
the  pension  the  strain  caused  by  change  of  salary  scale  is  much 
less  severe  than  that  observed  in  the  case  of  final  salary  pensions. 
^Tore  than  one-half  of  the  total  liabilities  for  pensions  is  in  respect 
of  back-ser\dce  which  are,  of  course,  not  affected  by  the  change 
of  scale,  and  the  enhanced  contributions  to  be  received  in  the 
future  are  to  a  larger  extent  available  to  meet  the  burden  of 
pensions  accruing  in  respect  of  future  ser\ace.  With  the  rate 
of  interest  unchanged  a  deficiency  is,  however,  brought  out  in 
each  example,  ranging  from  4  per-cent  of  the  resen^es  needed 
in  the  case  of  Scale  IV  to  15 J  per  cent  (Scale  II).  If  interest 
is  increased  to  5  per-cent  a  surplus  is  found  in  each  example  : 
the  amount  of  the  surplus  in  the  several  examples  varpng 
within  fairly  narrow  hmits  ;  in  Scale  IV  indeed  the  change  of 
salary  brings  out  a  slightly  larger  surplus.  In  this  connection 
it  should  be  noted,  howerer,  that  the  favourable  position  dis- 
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closed  by  increasing  the  rate  of  interest  assumed  is  to  a  large 
extent  illusory  when  the  fund  has  itself  to  bear  the  burden  of 
depreciation,  and  that  the  considerations  to  which  I  referred 
when  dealing  with  final  salary  pensions  apply  equally  to  the 
present  case. 

Illusteatiox  of  a  New  Fuxd. 

30.  In  the  previous  examples  it  was  assumed  that  the  scheme 
had  been  in  operation  for  a  long  time  and  that  the  Fund  had 
reached  a  stationary  condition.  I  pass  now  to  consider  some 
special  problems  which  would  arise  in  connection  with  a  new 
scheme.  As  before,  I  assume  that  the  staff  consists  of  3,673 
members  recruited  by  100  new  entrants  a  year  at  age  18.  The 
benefits  to  be  provided  are  : 

(1)  Pensions  based  on  final  salary  : 

{a)  hV  for  each  5"ear  of  service  after  the  commencement 
of  the  scheme. 

(6)  1 1 ,7  for  each  year  of  back-service  before  the  com- 
mencement of  the  scheme. 

(2)  Returns  of  contributions  4  per-cent  on  withdrawal  and 
8  per-ceut  on  death. 

The  percentage  contribution  required  for  new  entrants  at 
age  18  are,  accordingly,  the  "  minimum  "  contributions  shown 
in  the  table  in  paragraph  19  since  the  benefits  for  future  entrants 
are  the  same.  In  the  case  of  existing  members  the  normal 
benefits  are  provided  but  only  in  respect  of  future  ser\dce,  and 
half  pension  rights  for  back-service. 

31.  The  following  table  shows  the  several  contributions 
according  to  age  at  commencement  of  the  scheme  for  future 
service  and  back-service  separately  under  the  various  assump- 
tions as  to  salary  scale  : — 


Tahle  of  Cont 

ihdions. 

+3 

IS  a. 

Future 

Skrvici 

:  (all  benefits) 

Back  Service  (half  pensions  only) 

4  per-cent 

5  per-cent 

4  per-cent 

5  per-cent 

l&II     III 

IV 

I  &  II     III        IV 

KVII       III 

IV 

I&II      III       IV 

18 
25 

,30 
35 
45 

;.55 

11-4    10-5 
110    10-4 
10-9    10-5 
110    10-7 
11-7    11-6 
13-3    13-3 

9-3 

9-6 

9-9 

10-3 

11-5 

13-3 

8-8      8-0      7-0 
8-6     8-2      7-5 
8-7      8-4     7-9 
9-0     8-8     8-5 
10-1    10-0      9-9 
120    120    120 

l-'l      10 

2-2      21 

3-7      3-6 

100      9-9 

37-3    37-2 

1-6 

20 

3-5 

9-8 

371 

•9         -8         -8 

1-7      1-7      1-6 

3-0      30      2-9 

8-6      8-()      8-5 

33-8    33-7    33-6 
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It  will  be  observed  that  the  progression  of  contribution  from 
age  to  age  is  affected  not  only  by  the  change  of  salary  scale, 
but  also  by  the  interest  factor ;  the  contribution  tending  to 
I  ncrease  more  rapidly  with  age  where  the  salary  scale  is  flatter, 
and  the  rate  of  increase  being  accelerated  when  the  higher  rate 
interest  is  assumed.  It  would  appear,  however,  that  the  relation 
of  one  scheme  to  another  at  any  given  age  is  hardly  affected  hv 
the  interest  factor.  These  deductions  are  more  easily  seen  if 
the  first  part  of  the  preceding  table  is  restated  in  the  follo^ving 
form  : — 

F rogression  of  rcrcentage  Coniribufion. 


Salary  Sc-ile 

Ace  at  Coxmencement 

1 

18       ' 

25 

30 

35 

45 

55 

(rt)  mth 

reference  to  Aq 

re  18. 

Interest  4  per-cent 

l&II 

100 

96 

95 

96 

102 

117 

III 

100 

99 

100 

102 

111 

127 

IV 

100 

104 

107 

111 

123 

143 

Interest  5  per-cent 

I&II 

100 

98 

99 

102 

115 

137 

III 

100 

102 

106 

110 

126 

151 

IV 

100 

107 

113 

121 

141 

171 

Interest  4  per-cent 

(b)  mth 

reference  to  Sea 

,leL 

I&II 

100 

100 

100 

100 

100 

100    : 

III 

92 

95 

96 

98 

99 

100 

IV 

81 

88 

91 

94 

98 

100 

Interest  5  per-cent 

I&II 

100 

100 

100 

100 

100 

100 

III 

91 

94 

96 

97 

99 

100 

IV 

80 

87 

91 

94 

98 

90 

32.  In  the  case  of  back-service  the  figures  suggest  that  the 
change  ot  salary  scale  has  little  effect  on  the  percentage  con- 
tributions required  at  individual  ages  ;  the  progression  from 
age  to  age  under  each  assumption  as  to  salary  being  similar. 

33.  In  my  illustration  I  assumed  that  membership  would  be 
compulsory  for  all  existing  officers,  and  accordingly  in  computing 
the  contributions  at  the  several  ages  I  provided  for  an  immediate 
title  to  benefits.     If  membership  were  optional  and  a  qualifving 
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period  of  (say)  10  years  before  a  pension  could  be  taken  on 
retirement  was  imposed  in  order  to  safeguard  the  scheme,  the 
progression  of  the  rate  of  contribution  from  age  to  age  would  be 
flatter  than  the  figures  in  the  foregoing  table.  Another  practical 
point  is  that  bv  assuming  unhmited  pensions  the  fall  in  the 
contribution  between  ages  18  and  25  is  accentuated.  If  the 
usual  arrangement  of  Mmiting  pensions  based  on  final  salary  to  a 
maximum  of  two-thirds  of  salary  is  adopted,  and  a  waiting 
period  of  10  years  is  imposed,  the  combined  effect  of  the  two 
adjustments  is  indicated  below  in  the  same  form  as  in  the 
preceding  table  : — 


A(; 

B  Al  EXTKY 

18 

i 
25 

30 

35 

1 
45   ! 

i  Scale  14%    

!    „  III  „    

100 
100 

100 
104 

98 
103 

97 
104  , 

97 
105 

-    15%   

„  III  „    

1 

100 
1(10 

102 
106 

i 

101 
107 

1 

103 
112 

108 
119 

It  may  be  mentioned  that  the  recent  Departmental  Committee 
on  the  Superannuation  of  Local  Government  Officers  recom- 
mended a  uniform  contribution  irrespective  of  age  at  entr5^* 
The  scheme  proposed  by  the  Committee  pro^'ided  for  a  waiting 
period,  and,  to  meet  the  case  of  existing  officers  who  become 
invahded  before  completing  ten  years  of  contributory  service, 
suggested  that  back-service  rights  might  in  these  cases  be 
assessed  beyond  the  date  of  the  commencement  of  the  scheme 
and  up  to  the  date  of  retirement.  The  percentages  of  salaries 
representing  back-sendee  rights  which  I  give  above  agree 
broadly  ^\'ith  those  suggested  by  the  Committee  in  their  Keport. 
34.  Another  method  of  examination  is  by  comparing  the 
habihties  arising  under  the  scheme  at  its  commencement  mider 
various  assumptions,  and  in  the  following  table  I  work  out  the 
initial  deficiency  which  would  arise  in  each  case  (Scales  I,  III 
and  lY)  if  all  members  were  called  upon  to  pay  only  the 
"  minimum  "  contributions.. 


*  Report  (Cmd.  329). 
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Summaries  of  Vahaiions  at  Inifiafion  of  New  Scheme. 


RaTK    i.K   IXTEnF-ST 

4  PBB-CEST 

5   PEE-CKKT 

Salary  Scale 

I         ■ 

III 

IV 

I 

'            III 

IV 

Present   Value  of 
Future  service  : — 

4°o  Returns  on  With- 

dra^val         

8%  Returns  on  Death 
,;V  Pensions 

£ 

256 

83,560 

1.219,337 

£ 

540 

142.172 

2,011,646 

£ 

568 

117,224 

1,584,619 

£ 

240 

69,056 

907,727 

£ 

510 

117,384 

1,497,697 

£ 

540 

96,656 

1,179,940 

Total  (future  service)    ... 
yItt  Pensions  (back  ,,    ) 

1,303,153 
1,061,755 

2,154,358 
1,751,116 

1,702,411 
1,378,721 

977,023 
894,628 

1,615,591 
1,475,478 

1,277,136 
1,161,698 

Total  Benefits 

"JMinimum"  Contributions* 

2,364,908 
1,301,678 

3,905,474 
2,030,311 

3,081,132 

1,487,287 

1,871,651 
899,017 

3,091,069 
1,389,482 

2,438.834 
1,010,492 

Initial  Deficiency : — 
(i)  including        Back- 
service     

(ii)  excluding       Back- 
service 

1,063,230 
1,475 

1.875,163 
124,047 

1,593,845 
215,124 

972,634 

78,006 

,1,701,587 
226,109 

1,428,342 

266,644 

j  Conversion  of  Deficiency, 
i       («)  Perpetuity  :■ — 
Annual  Payment — 

(i)  Future  service     ... 
(ii)  Back  service 

nil. 
42,500 

5,000 
70,000 

8,600 
55,100 

3,900 
44,700 

11,300 
73,800 

13,300  i 
58,100 

Total     

42,500 

75,000 

63,700 

48,600 

85,100 

71,400 

%  .Salaries  : — 

(i)  Future  ser\'ice     ... 
(ii)  Back  service 

Total      

nil. 
5-73 

5-73 

•39 
5-40 

•78 
4^97 

•53 
6^03 

•87 
5-70 

1-20 
5^24 

5-79 

5-75 

6^56 

6^57 

6-44 

ih)  40  year  term  : — 
1  Annual  PajTuent — 
(i)  Future  service 
(ii)  Back  service 

Total      

! 

nil. 
52,700 

6,100 
86,700 

10,600 
68,300 

4,400 
50,900 

12,800 
83,900 

15,200 
66.000 

52,700 

92,800 

78,900 

55,300 

96,700 

81,200 

1  %  Salaries — 

(i)  Future  service     ... 
(ii)  Back  service 

Total     

nil. 
710 

•47 
6^70 

•96 
616 

•59 
6^87 

•99 
6^48 

137 
5-95 

7-10 

7-17 

712 

7^4(3 

7^47 

732 

■■   Minimum"  Contributions* 

11-44 

10^47 

9-28 

8^80 

7^97 

7^00 

35.  It  -will  be  observed  that  under  Scale  I  (4  per-cent)  tlie 
"  minimum  "  contribution  would  suffice  to  cover  all  liabilities 
except   back-ser\'ice,*  but  that  this  relation  ceases  to  obtain 


*  The  apj^roximate  balance  of  "  minimum  "  contributions  and  future 
service  liabilities  is  to  a  certain  extent  fortuitous,  being  due  to  the  decrease  in 
the  rate  of  contribution  for  several  ages  above  the  3'oungest  age. 
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where  a  flatter  salary  scale  is  adopted  or  the  rate  of  interest 
is  increased.  On  the  other  hand  the  relative  strain  of  back- 
service  is  less  where  the  salary  scale  is  flattened.  Taldng  future 
service  and  back-service  together  the  figures  indicate,  at  any 
rate  in  the  illustration  taken,  that  the  annual  payment,  required 
to  support  the  total  initial  deficiency  in  perpetuity  or  to  liquidate 
it  within  a  term  of  40  years,  if  expressed  as  a  percentage  of 
salaries,  is  fairly  constant  whichever  salary  scale  is  assumed, 
and  that  the  percentage  is  not  much  affected  by  the  increase  of 
the  rate  of  interest. 

36.  The  foregoing  consideration  would,  at  first  sight,  suggest 
that  an  actuary  called  upon  to  advise  as  to  the  initiation  of  a 
scheme  at  the  present  time  would  not  be  unduly  troubled  as  to 
the  ultimate  shape  of  the  salary  scale.  This,  however,  is 
unfortunately  not  the  case  since,  as  has  been  pointed  out  above 
(para.  19),  the  "  minimum  "  contribution  is  governed  to  a  very 
marked  extent  by  the  particular  scale  adopted.  Further,  the 
present  uncertainty  as  to  the  future  position  of  superannuation 
funds  in  regard  to  income  tax — the  recommendations  of  the 
Royal  Commission  being  of  special  importance  to  a  new  fund — 
makes  the  choice  of  the  rate  of  interest  to  be  assumed  a  matter 
of  great  diflB.culty.  A  few  weeks  ago  the  initiation  of  a  new 
scheme  for  the  benefit  of  the  employees  of  a  large  firm  was 
widely  reported  in  the  Press  ;  it  would  be  interesting  to  know 
how  the  difficulties  to  which  I  have  draAvn  attention  were 
overcome,  especially  having  regard  to  the  fact  that  the  newspaper 
reports  emphasized  the  point  that  the  calculations  had  been 
based  upon  the  post-war  rate  of  wages. 

Conclusion. 

37.  In  bringing  this  paper  to  a  conclusion  I  am  conscious 
that  I  have  touched  upon  only  a  few  of  the  disturbing  influences 
which  affect  the  actuarial  position  of  pension  funds  at  the 
present  time.  I  have,  for  example,  ignored  the  problems 
arising  in  the  case  of  existing  pensioners,  on  whom  the  high  cost 
of  living  presses  very  hardly.  To  meet  such  cases  of  hardship 
proposals  will  doubtless  be  made  with  a  view  to  increasing  the 
existing  pensions,  and  the  question  will  arise  from  what  source 
the  additional  liability  is  to  be  met.  Other  subjects,  to  which 
Mr.  Marks  drew  attention  in  his  address  two  years  ago  {J. I. A., 
vol.  li,  p.  202  et  seq),  and  on  which  those  who  follow  in  the  dis- 
cussion may  ^dsh  to  express  their  \dews,  are  the  effect  of  the  high 
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death  rates  suffered  by  the  members  of  mihtary  age  during  the 
war,  the  possible  strain  to  be  expected  in  respect  of  early 
retirements  in  the  future  in  the  case  of  invahded  soldiers,  and 
the  effect  of  the  postponement  of  superannuation  which  may  have 
often  occurred  among  the  older  members  during  the  war. 

38.  In  the  preparation  of  these  notes  I  have  received  great 
help,  which  I  have  pleasure  in  cordially  acknowledging,  from 
several  of  my  colleagues  in  the  Government  Actuary's  Depart- 
ment, more  especially  from  Mr.  F.  A.  A.  Menzler,  F.I. A.  ;  without 
their  assistance  this  paper  would  never  have  seen  the  light. 


ADDENDUM. 

Paet  I. 

Civil  Service  Pensioners'  Experience,   1904-1914. 

1.  Every  four  years  a  return  is  presented  to  Parhament 
giving  a  list  of  Superannuation  and  Retired  Allowances  to  Civil 
Servants,  pubhshed  as  an  appendix  to  the  Estimates  for  the 
Civil  Services  (Class  VI,  Vote  1,  Superamiuation  and  Retired 
-lllowances)  ;  for  example,  the  Return  appended  to  the  Estimates 
for  1908-1909  related  to  pensions  in  force  on  30  November  1907, 
i.e.,  the  end  of  the  preceding  pension  year.* 

The  particulars  given  for  each  Department   (with  certain 
exceptions)  are  as  follows  : — 
(i)  Name, 
(ii)  Rank. 

(iii)  Age  at  retirement, 
(iv)  Period  of  service, 
(v)  Salary  at  retirement, 
(vi)  Yearly  allowance  granted. 
(vii)  Cause  (age,  ill  health,  &c.). 
(viii)  Date  of  commencement. 
In  addition  to  particulars  of  Superannuation  Allowances  similar 
information  is  given  relating  to  Compensation  Allowances  and 
Compassionate  Allowances,  payable  for  example  where  an  office 
has  been  abohshed.     The  present  enquiry  was,  however,  limited 
to  Superannuation  Allowances  payable  to  men  where  retirement 
took  place  (a)  before  age  60  owing  to  ill-health,  or  (6)  at  or  after 
age  60  owing  to  age.     Further,  certain  services,  e.g..  Consular 
and  Diplomatic  Services,  Prison  Warders,  in  whose  case  special 

*  The  financial  year  in  the  case  of  Estimates  runs  from  1  April  to  31  March  : 
the  pension  year  from  1  December  to  30  November. 
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circumstances  obtain,  were  excluded  from  the  investigation ; 
the  data  relating  to  women  was  too  small  to  investigate  and  was 
omitted. 

2.  To  bridge  over  the  intervals  between  the  four-yearly 
Returns  described  above,  recourse  was  had  to  the  particulars 
given  annuall}'  in  the  Estimates  of  increases  and  decreases  of 
commitments  during  the  preceding  pension  year.  The  details 
given  in  the  Annual  Estimates  are  as  follows  : — 

(i)  Department. 

(ii)  Name. 

(iii)  Eanlc, 

and  in  the  case  of  new  pensions, 

(iv)  Age  at  retirement. 

(v)  Period  of  service. 

(vi)  Salary  at  retirement. 

(vii)  Cause  (age,  ill-health,  &c.). 
{\rn)  Yearly  allowance  granted. 
In  the  case  of  cessations  the  cause  and  the  amount  of  allowance 
only  are  given  in  addition  to  (i)-(iii).  It  is  unfortunate  that  in 
the  case  of  cessations  the  date  of  death  is  not  stated  ;  in  the 
absence  of  this  information  an  average  date  (31  May)  had  to  be 
assumed.  In  a  few  instances  (18  in  number)  pensions  ceased 
by  being  unclaimed  ;  under  the  circumstances  these  were  included 
among  the  deaths.  Agaia,  in  the  case  of  new  grants  the  annual 
statement  does  not  give  the  date  of  retirement ;  in  most  cases 
this  was  obtainable  from  the  next  ensuing  Return,  but  in  a  few 
cases  where  retirement  and  death  both  took  place  between  twa 
successive  Returns  average  dates  of  each  had  to  be  assumed. 

3.  The  period  of  the  investigation  was  Hmited  to  the  last 
ten  years  before  the  war,  the  survivors  being  brought  into  the 
experience  on  the  anniversaries  of  their  retirement  in  the  year 
1903-04.  The  close  of  observation  was  similarly  taken  as  the 
anniversary  of  retirement  in  1913-14,  new  entrants  being  exposed 
for  integral  years  from  the  date  of  retirement.  In  the  absence 
of  information  as  to  dates  of  birth,  the  ages  at  retirement  were 
taken  as  ages  last  birthday.  This  assumption  is  probably 
sufficiently  accurate  even  in  the  case  of  retirements  due  to  age, 
since  it  is  not  unusual  for  superannuation  to  be  deferred  until 
the  anniversary  of  entry  is  reached,  the  pension  being  based  on 
the  number  of  completed  years. 

4.  A  summary  of  the  data  in  5  year  groups  together  witk 
the  crude  death  rates  is  as  follows  : — 
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A-e 
attained 

last 
Birthday 

Aggregate 

YEARS   OF 

Pension 

Excluding 

first  5  years 

OF  Pension 

EXCI-UDISG 
FIRST  10  YEARS 

OF  Pension 

Ckcde 

Death  Rates    ! 

Aggre- 
gate 
Rate 

Rate 
exclud- 
ing first 
5  years 

Rate    1 
exclud- 
ing first 
10  years 

Ex- 
posure 

Deaths 

Ex- 
posure 

Deaths 

Ex. 

posure 

Deaths 

30-34 

17 

1 

... 

•059 

35-39 

73 

4 

27 

9 

•055 

!     40-44 

172 

13 

71 

4 

35 

3 

•076 

•056 

•086 

;     45-49 

297 

21 

169 

9 

56 

1 

•071 

•053 

•018    : 

50-54 

596 

35 

322 

9 

176 

5 

■059 

•028 

•028  : 

55-59 

984 

47 

557 

16 

313 

8 

•048 

•029 

•026 

60-64 

2,806 

103 

080 

30 

389 

15 

•037 

•044 

•039    j 

65-69 

3,011 

188 

1,072 

94 

429 

25 

•048 

•056 

•058    ! 

.70-74 

2,679 

189 

2,502 

17. 

967 

75 

•071 

•070 

•078    ■ 

75-79 

1,595 

162 

1,519 

152 

1,285 

129 

•102 

•100 

•100 

80-84 

799 

99 

780 

96 

705 

83 

•124 

■123 

•118    I 

85-89 

278 

59 

274 

59 

.  255 

56 

•212 

•215 

•220    ! 

1 

,     90-94 

55 

14 

55 

14 

51 

13 

•255 

•255 

•255    i 

i     95orover 

17 

7 

17 

7 

17 

7 

•412 

•412 

•412 

1     Total 

14,279 

942 

8,645 

j     664 

4,687 

420 

o.  For  comparison  with  other  tables  an  aggregate  mortality 
table  was  first  prepared  and  graduated  graphically ;  the 
graduated  values  at  every  fifth  age  are  shown  in  the  follo^ang 
table  together  with  the  corresponding  figures  in  other  tables. 


Ags 

Retired  Civil 
Servants 

Scottish- 

School 

Teachers 

Elementary 
School  Teachers 
(Deferred  Ann- 
uity Fund)t 

30 
35 
40 
45 
50 
55 
60 
65 
1         70 

•120 
•084 
•075 
•069 
•063 
•052 
•039 
•040 
•064 

•100 
•079 
•065 
•055 
•049 
•030 
•033 
•052 

•182 
•149 
•116 
•096 
•092 
•083 

*  Appendix  B,  Table  III,  Actuarial  Report  to  the  Scotch  Education 
Department  on  the  preparation  of  the  Superannuation  Scheme  for  Teachers, 
1911.     (Cmd.  5982). 

t  Aggregate  rates  deduced  from  the  Table  on  p.  14  of  Report  on  Super- 
annuation of  Teachers,  1914  (Cmd.  7364). 
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It  will  be  observed  that  the  new  rates  are  usually  somewhat 
greater  than,  but  agree  generally  with,  the  rates  of  pensioners' 
mortality  adopted  by  Sir  George  Hardy  and  Mr.  King  in  their 
Report  to  the  Scotch  Education  Department  on  the  preparation 
of  the  Superannuation  Scheme  for  Teachers.  In  their  Report 
(para.  18)  it  is  stated  that  the  rates  "  were  derived  by  comparing 
"  the  rate  of  mortahty  amongst  the  teachers  who  had  received 
"  disablement  allowance  with  the  rates  prevailing  amongst 
"  Elementary  School  Teachers,  and  with  the  rates  of  mortahty 

"  amongst  pensioners  in  some  other  large  funds "     It 

would  appear  from  the  foregoing  extract  and  from  the  corre- 
sponding figures  deduced  from  the  Elementary  School  Teachers 
Deferred  Aimuity  Fund  that  the  rates  in  question  were  con- 
siderably lighter  than  the  actual  experience  of  the  past  would 
have  warranted.  I  gather,  however,  from  the  several  reports 
on  the  Deferred  Aimuity  Fund  that  the  breakdown  pensions  in 
force,  before  the  improved  scheme  was  adopted,  were  so  small 
that  teachers  were  tempted  to  remain  on  the  active  list  even 
after  they  were  really  too  ill  to  w^ork.  The  heavy  rates  of 
mortahty  due  to  these  special  circumstances  are  not,  therefore, 
comparable  with  those  deduced  from  a  more  normal  experience. 
I  return  to  this  point  later  in  comparing  the  select  rates  taken 
from  the  same  investigation. 

6.  The  next  stage  in  the  Civil  Servants'  investigation  was 
the  preparation  of  select  and  ultimate  tables.  It  was  found 
that  in  the  case  of  men  superannuated  owing  to  ill-health  the 
selection  worked  ofi  in  about  5  years,  similarly  the  selection  of 
pensioners  retiring  at  60  or  over  continued  for  about  the 
same  period,  the  two  ultimate  tables  coalescing  near  age  70. 
Separate  ultimate  tables  were  accordingly  adopted  for  the  after 
5  years  experience  of  the  invahd  pensioners  and  age-pensioners 
respectively  running  into  a  combined  table  at  age  70.  A  com- 
parison of  the  actual  deaths  with  the  expected  deaths  according 
to  the  graduated  ultimate  tables  is  as  follows  : — 
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Age  Group 


Expected 
Deaths 


Actual 
Deaths 


Dilfereiipu 


662-5 


664 


23- 


Accumulated 
Difference 


+ 

_ 

+ 

_ 

35-39 

1-9 

1-9 

1-9 

40-44 

3-8 

4 

.9 

1-7 

45-49 

6-3 

9 

2-7 

l-U 

50-54 

9-3 

9 

-3 

-  / 

55-59 

17-6 

16 

1-6 

•9 

60-64 

28-3 

30 

1-7 

-8 

6;5-69 

90-6 

94 

3-4 

4-2 

70-74 

183-6 

174 

9-6 

5-4 

75-79 

145-1 

152 

6-9 

1-5 

80-84 

104-0 

96 

8-0 

6-5 

85-89 

50-9 

59 

8-1 

1-6 

90-94 

14-8 

14 

■8 

-8 

95  and 

6-3 

7 

•7 

1-5 

over 

7.  The  select  rates  during  the  first  five  years  after  retirement 
were  subsequently  taken  out,  and  graduated  values  running  into 
the  smooth  ultimate  tables  were  obtained  by  the  graphic  method. 

8.  As  far  as  I  am  aware  the  only  other  published  table  of 
select  mortality  of  invalid  pensioners  is  that  deduced  by 
Sir  George  Hardy  and  Mr.  Eraser  from  the  experience  of  the 
Elementary  School  Teachers'  Deferred  Annuity  Fund.*  For 
comparison  the  respective  rates  of  mortality  at  quinquemiial 
ages  are  shown  in  the  following  table  : — 

Select  Mortality  Bates  {Invalid  Pensioners). 


Ag.;  at 
retire- 
ment 


30 
35 
40 
45 
50 
55 


30 
35 
40 
45 
50 
55 
60 


Civil.  Servants 


<Zuj+i 


•120 
•118 
-115 
-111 
-131 
■149 


•096 
•094 
•086 
•083 
•091 
•100 


!/M+2 


•087 
•083 
•067 
-059 
•060 
•066 


iM+3 


084 
075 
056 
046 
046 
052 


'iM+i 


■082 
•069 
•049 
•038 
•036 
•042 


•080 
•065 
•044 
•032 

•028 
•036 


Male  Elemkntarv  School  Teai  iikks  (Hardv  and  Fraser) 


■200 

•160 

•197 

•157        1 

•192 

•145 

•184 

•134 

•170 

•121 

•169 

•111 

•162 

•105 

■146 
•138 
•116 
•097 
•082 
•073 
•070 


•140 
■126 
■095 
■072 
■058 
■053 
•056 


•138t 

•118 

•081 

•057 

•046 

•046 

•053 


*  Report  on  Superannuation  of  Teachers,  1914  (Cmd.  7364).      f  Ultimate  q,,:+i- 


434 


Supr ra n nuation   Fu n ds . 


'^Ocf, 


As  explained  above  (para.  5)  the  Teachers'  and  Civil 
Ser^T-ants'  experiences  are  not  strictly  comparable  in  view  of 
the  different  conditions  affecting  retirements  in  the  past,  and  in 
order  to  bring  the  two  tables  into  line  for  the  purpose  of  testing 
the  selection  the  ratio  of  <j\x]+n  to  '/ix,  has  been  taken  out  for 
comparison. 

100  0'f.rl+7i^'/[a-l- 


Age  at 

Civil  Servants 

Elf.m 

ENTARV   TkaCHEKS (M 

ales)   J 

retire- 

Duration 

Duration 

ment 

0 : 

1 

2 

3 

4 

5 

0 

1          2 

q 

3 

4 

30 

100 

80 

72 

70 

68 

67 

100 

80       73 

70 

69 

35 

100 

80 

70 

64 

58 

55 

100 

80       70 

64 

60 

40 

100 

75 

58 

49 

43 

38 

100 

76       60 

49 

42 

!     ^-o 

100 

75 

53 

41 

34 

29 

100 

73       53 

39 

31 

1       50 

100 

69 

46 

35 

27 

21 

100 

69       47 

33 

26 

]       55 

100  i 

67 

44 

35 

28 

24 

100 

66       43 

31 

27 

60 

100 

65       43 

35 

33 

Having  regard  to  the  marked  difference  between  the  actual 
mortality  rates,  both  select  and  ultimate,  the  close  similarity  of 
the  figures  in  the  above  table  is  remarkable. 

9.  Passing  to  the  mortality  experience  of  the  pensioner- 
who  retired  by  reason  of  old  age,  I  give  in  the  next  table  the 
select  rates  for  ages  60  and  65  and  compare  them  with  the 
corresponding  rates  taken  from  other  tables. 

Select  Mortalify  liatts  [Males). 


Duration 

Age  at  C(j3imescemest  60 

Ci\il           1     Elementary 
Servants               Teachers 

1 

British 

Offices 

Annuitants 

Government 
Anijuitants 

0 
1 

i             - 
1           3 
1           4 

•023 
•026 
•029 
•034 
•038 

* 
* 
* 
* 

■017 
•022 
•027 
•033 
•(137 

•016 
•023 
•029 
•0.34 

•(138 

0 
1 
2 

3 

4 

Age  at  Commencement  65 

•033 

•040 
•047 
•053 
•059 

•031 
•033 
•036 
•039 
•043 

•024 
•032 
•040 
•048 
•054 

•023 
•033 
■041 
•048 
•055 

*  In  the  Teachers'  experience   the  rates  at  age  60  relate  to  invalid   lives 

:a.nd  are  not  comparable,  but  \\i\\  te  found  in  the  table  in  para.  8. 


1921.] 


SuperannuaHon  Fiindft. 


435 


As  would  be  expected  the  above  table  indicates  that  a 
purchaser  of  an  annuity  is  more  select  than  a  ci\-il  servant  who 
retires  on  the  grounds  of  age.  It  is  probable  too  that  the  apparent 
closeness  of  the  pensioner's  rates  (Civil  Servants)  with  the 
British  Offices  and  Government  Annuitants  tables  is  somewhat 
illusory.  In  comparing  civil  servants  in  1904-1914  with 
Government  annuitants  1875-1904  and  British  Offices'  annuitants 
1863-1893,  the  progressive  improvement  in  mortahty  has,  of 
course,  jto  be  borne  in  mind  ;  and  it  is  not  unlikely  that  an 
up-to-date  experience  of  annuitants  would  show  rates  of  mortality 
appreciably  lighter  than  those  of  the  Civil  Servants'  table. 

10.  A  similar  comparison  of  the  ultimate  rates  is  shown 
below.  In  the  case  of  the  Teachers'  experience  separate  tables 
were  given  for  lives  who  retired  disabled  before  attainment  of 
age  65,  and  for  those  who  were  superannuated  at  that  age.  A 
single  table  from  age  70  onwards  embraces  both  classes  in  the 
Civil  Service  investigation,  the  experience  not  being  sufficient 
to  warrant  separate  tables. 

Ultimate  Maiiality  Rates  {Male.t). 


Age 
Attained 


Civil 
Servants 


70 
To 
SO 
85 
90 
95 
100 


•064 
•084 
•114 
•161 
■232 
•348 
•531 


Elementarv  Teachers 


Grantees 
of  Disable- 
ment Allow- 
ances 


Grantees 
of  Sui)er- 
annuation 
Allowances 


•068 
•090 
■120 
•190 
•275 
•390 
■534 


•046 
■074 
■118 
•180 
•262 
■371 
-.507 


British 

Offices 

Annuitants 


Govt. 
Annuitants 


•059 

■060 

•087 

•088 

■129 

■129 

•1-90 

■190 

■276 

•275 

■392 

•390 

•535 

•534 

It  is  probable  that  the  comparison  of  the  new  table  ^vitll 
the  annuitants'  tables  is  vitiated  for  the  reasons  advanced 
in  the  preceding  paragraph.  At  the  older  ages  the  Ci\'il  Service 
rates  are  generally  lower  than  those  in  either  of  the  Teachers' 
tables,  but  having  regard  to  the  small  numbers  exposed  it  is 
not,  I  think,  wise  to  lay  much  stress  on  this  feature. 

11.  The  following  tables  give  the  graduated  mortalitv  rates 
for  each  section  of  the  experience  : — 


Civil  Service  Pensioners'  Experience,  1904-1914  (Males). 
Kates  of  MortaJiti,^' 


Yeak.s  elapsed  since  Retirement 

Age  at 

Retire- 
ment 

0 

1            2 

8 

4 

5 

Age 
attaiiied 

[^] 

or  more 

.T-f  5 

2U] 

(1U]+1 

qix]+-    ;    qu]+z       q[x\+i 

qx+o 

(a)  Invalid  Pensioners. 

30 

•120 

•096 

•087        -084        ^082 

•080 

t 
35 

1 

•120 

•096 

•087 

•083 

•081 

•078 

6 

2 

•120 

•096 

•080 

•082        -079 

•076 

7 

3 

•119 

•095 

•085 

•080        ^076 

•073 

8 

4 

•119 

•095 

•084 

•078        -073 

•069 

9 

35 

•118 

•094 

•083 

•075        ^069 

•065 

40 

t) 

•118 

•093 

•081        ^072        ^065 

•060 

1 

7 

•117 

•092 

•078        ■068        ^061 

•056 

2 

8 

•117 

•090 

•074         -064          057 

•052 

3 

9 

•116 

•088 

•070        ^060        -053 

•048 

4 

40 

•115 

•086 

•067        ^056        ^049 

•044 

45 

1 

•114 

•085 

•064         ^053         -046 

•041 

6 

2 

•113 

•084         ^062         ^050         ^043 

■038 

7 

3 

•112 

•083         •OOl 

•048        ^041 

•036 

8 

4 

•111 

•083 

•060        ^047 

•039 

•034 

9 

45 

•111 

•083 

•059        ^046 

•038 

•032 

50 

() 

•113 

•084         ^059         ^046 

•037 

•031 

1 

/ 

•116 

•085         ^058         ^045 

•036 

•030 

2 

8 

•120 

•086 

•058        ^045 

•035 

•029 

3 

9 

•125 

•088 

•059        ^045 

•035 

•028 

4 

50 

•131 

•091 

•060        ^046 

■036 

•028 

55 

1 

•138 

•094 

•062        ^047 

•037 

•029 

6 

2 

•145 

•097 

•064        ^049 

•039 

•030 

7 

3 

•150 

•100         ^066         ^051 

•040 

•032 

8 

4 

•152 

•102 

•067        ^052        ^041 

•034 

9 

5") 

■149 

•100 

•066         ^052         ^042 

■036 

60 

(i 

•143 

•097 

•064         ^051 

•043 

■038 

1 

7 

•134 

•093 

•062         ^051 

•044 

■040 

2 

8 

•122 

•087 

•060         •OSO         ^045 

■043 

3 

y 

•107 

•080 

•057         ^049         ^046 

•045 

4 

60 

... 

•048 

65 

1 

•051 

6 

•054 

7 

3 

•057 

8 

4 

' 

•061 

9 

{h)  Age  Pensioners. 

60 

•023 

•026        -029 

•034 

•038 

•042 

65 

1 

•024 

•028        -032 

•037 

.041 

•046 

6 

2 

•026 

•030        ^035 

•040 

•045 

•051 

7 

3 

•028 

•033        -038 

•044 

•050 

•055 

8 

4 

•030 

•036        ^042 

•049 

•054 

•059 

9 

65 

■033 

•040        -047 

■053 

•059 

•064 

70 

Both  Classes. 


Age 
attained 


qjc 


70 

•064 

1 

•068 

2 

■072 

3 

■076 

4 

■080 

75 

■084 

6 

■088 

7 

•093 

8 

•099 

9 

•106 

80 

•114 

1 

•122 

2 

131 

3 

•140 

4 

•150 

85 

•161 

6 

•173 

7 

•186 

8 

•200 

9 

•215 

90 

•232 

1 

•251 

2 

■273 

3 

■296 

4 

•321 

95 

•348 

6 

•378 

7 

•411 

8 

•447 

9 

•487 

100 

•531 

*  Note. —  In  the  above  table  the  rates  are  carried  down  to  age  30,  but  it 
must  be  remembered  that  at  the  younger  iiges  tlie  number  of  deaths  was  not 
sufficient  to  indicate  definite  features,  and  the  rates  should,  accordingly,  be  taken 
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Part  II. 

Valuation  of  Pension  Liabilities  by  Select  Tables. 

12.  It  will  be  of  interest  to  examine  the  eSect  of  using  the 
new  select  table  in  place  of  the  aggregate  table  based  on  the 
same  experience.  At  4  per-cent  interest  the  annuity  values  are 
as  follows  : — 

Retired  Civil  Servants,  1904-14. 
Select  and  Af/gregafe  Annuify-Values,  4  per-ccnf. 


Age 

«[.! 

Clx 

Difference 

I 

+ 

_ 

30 

814 

7-35 

79 

35 

904 

8-29 

75 

40 

10-00 

8-85          1         1 

15 

45 

10-21 

9-37          ' 

84 

50 

9-38 

9-85 

-47 

55 

8-28 

10-08 

1-80 

56 

8-23 

10-06 

1-83 

57 

8-22 

10-01 

1-79 

58 

8-25 

9-92 

1-67 

59 

8-32 

9-79 

1-47 

60 

9-89 

9-62 

27 

61 

9-59 

9-41 

18 

62 

9-28 

9-16 

12 

63 

8-97 

8-88 

09 

64 

8-67 

8-58 

09 

65 

8-35 

8-26         1 

09 

The  select  values  rise  steadily,  reaching  a  maximum  at 
age  44,  and  then  decline  until  the  end  of  the  invalid  section  of 
the  table.  A  sudden  rise  is  shown  at  age  60  when  age  retirements 
commence.  The  aggregate  values  at  the  youngest  ages  are 
considerably  below  the  select  values  owing  to  the  preponderance 
of  new  invahds  experiencing  a  heavy  death  rate  in  the  first  few 
years  after  retirement.  The  aggregate  curve  rises  continuously 
to  age  55,  passing  the  select  curve  between  age  47  and  48,  and 
during  the  last  few  years  of  the  invalid  section  the  aggregate 
values  are  more  than  20  per-cent  in  excess  of  the  select  values, 
being  distorted  by  the  coming  influx  of  lives  retiring  under  the  . 
age  rules  at  60  or  later.  The  sudden  jump  in  the  select  table 
now  reverses  the  position  and  the  aggregate  annuity  is  nearlv 
3  per-cent  smaller  at  age  60,  but  this  difference  gradually  narrows 
until  the  two  tables  coalesce  at  age  70. 

13.  Assuming  the  service  rates  of  mortality,  &c.,  shown  in 
paragraph  16  of  the  paper  and  the  pre-war  salary  scale,  the  cost 
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of  a  pension  based  on  sixtieths  of  salary  (without  limit)  is 
represented,  at  4  per-cent  interest,  by  the  undermentioned 
percentages  of  salary  in  the  case  of  an  entrant  at  age  18  : — 


Percentage  of  Salary 
required  as  Contribution 

Pension  based  on 

Final  Salary               Average  Salary 

Aggregate  Table 

Select  Table 

10-92                         6-67 
10-72                         6-56 

Decrease 

■20                           -11 

14.  Again,  applying  the  new  tables  to  a  hypothetical  fund 
(based  on  the  service  table)  which  is  assumed  to  be  recruited  by 
100  entrants  a  year  at  age  18  and  to  have  reached  a  stationary^ 
condition  of  3,673  members  on  the  active  hst,  I  find  that  the 
value  of  the  contingent  liabilities  for  pensions  (based  on  final 
salary)  is  decreased  from  £3,392,650  to  £3,342,850,  or  1|  per-cent 
by  substituting  the  select  table  for  the  aggregate.  The  corre- 
sponding amounts  where  pensions  are  calculated  on  average 
salaries  are  £2,087,300  and  £2,059,000  respectively.  In  each 
case  the  aggregate  table  produces  larger  liabilities  up  to  age  57 
and  smaller  thereafter  ;  for  example,  in  the  case  of  pensions 
based  on  final  salary  the  present  value  of  the  aggregate  liabihties 
is  as  follows  : — 


Under  age  57 

Over  age  57 

All  ages 

Aggregate  Table 
Select  Table      ... 

£2,8.52,500     \ 
£2,796,300     ! 

£.540,150 
£546,550 

£3,392,650 
£3,342,850 

Difference 

-t- 56,200 

-  6,400 

+  49,800 

15.  The  use  of  select  annuities  may  possibly  be  considered 
of  somewhat  theoretical  interest  only  in  the  example  cited,  i.e.. 
where  all  members  enter  at  the  same  age.  The  invaUd  retire- 
ments are  assumed  to  take  place  before  age  60,  and  all  pensions 

,  taken  above  that  age  are  deemed  to  be  awarded  to  men  retiring 
on  the  ground  of  age.  No  overlapping  of  the  two  types  of 
retirement  thus  arises. 

16.  The  position,  however,  would  be  different  if  retirement 
between  60  and  65  was  limited  to  cases  of  ill-health  in  certain 
sections  of  the  membership,  Take  the  case  of  a  fund  consisting 
of  two  classes  of  members,  entering  at  age  20  and  at  age  25 
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respectively,  and  assume  that  retirement  is  not  allowed  until 
after  40  years'  service  except  where  a  breakdown  in  health 
occurs.  In  the  former  group  the  invalid  table  would  apply  to 
retirements  under  age  60  and  the  age  table  thereafter.  This 
table  would  not  be  appropriate  to  the  latter  group  until  age  65, 
and  lower  annuity  values  based  on  an  invalid  table  should 
properly  be  used  to  measure  the  cost  of  pensions  taken  if 
retirement  occurs  between  ages  60  and  65. 

17.  A  similar  point  arises  in  connection  with  the  rates  of 
retirement  assumed  at  the  older  ages  where  the  conditions 
governing  superannuation  are  not  the  same.  In  a  recent  case, 
which  came  before  me,  it  was  found  necessary  to  vary  the  rates 
according  to  age  of  entry  in  order  to  obtain  a  true  measure  of 
the  respective  contributions  required  from  different  classes. 
The  additional  work  involved  was  not,  however,  serious,  as  it 
appeared  that  sufficient  accuracy  could  be  secured  by  adopting 
one  table  for  invalid  retirements  to  age  59,  and  thereafter  select 
tables. 

18.  The  main  defect  of  an  aggregate  table  appears  to  me  to 
be  that  the  rates  are  unduly  disturbed  by  the  weight  of  new 
retirements,  and  that  the  comparison  of  one  aggregate  table  with 
another  gives  little  indication  of  the  true  mortahty  experience 
unless  it  is  Icnown  that  the  retirement  rates  are  fairly  similar. 
It  would  be  possible,  for  example,  to  have  two  experiences 
showing  identical  select  rates  of  mortality  but  widely  divergent 
a,ggregate  rates.  This  point  is  of  special  importance  at  the 
initiation  of  a  new  scheme,  when  the  experience  of  other  funds 
has  often  to  be  borrowed. 

In  the  examples  given  above  in  the  paper  the  calculations 
are  based  on  the  select  table  in  all  cases. 


APPENDIX. 

Memorandum  prepared  hy  the  Board  of  Inland  Revenue  at  the 
request  of  the  Ro'/al  Commission  on  the  Income  Tax  icith  regard 
to  the  position  of  Superannuation  Funds  of  Public  Companies 
and  Corporations  in  relation  to  the  hicome  Tax. 

rUepriutecl   from   Parliamentary   Paper   (Cmd.   28S-7),   by    peniiissiou   of  the 
Controller  of  His  ilajesty's  Stationer}'  Office.] 

I.  Brief  Statement  of  Positiox. 
1.  The  ordinary  Superannuation  Fund  is  built  up  of : — 
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(0)  contributions  by  the  employer  ; 
(h)  contributions  by  the  employee  ; 

(c)  interest  or  dividends  on  the  invested  fvmds. 
There    are,    however,    numerous    funds    where    either    the 
employers  or  the  employees  make  no  contributions. 

(o)  Contributions  by  the  employer. 

2.  These  are  generally  regular  contributions  equal  to,  or 
bearing  a  fixed  proportion  to,  the  employees'  contributions. 
Such  contributions  are  allowed  to  be  deducted,  as  a  working 
expense,  in  computing  the  liabiHty  to  Income  Tax  of  the  profits 
of  the  business  under  certain  conditions,  namely  : — 

(1)  that  the  amounts  in  question  are  definitely  ahenated  by 
the  employer  and  do  not  represent  a  reserve  fund  over 
which  he  retains  control ;   and 

(2)  that  it  is  provided  that  the  employees  shall  ultimately 
benefit  to  the  full  extent  of  their  contributions. 

(6)  Contributions  by  the  em/ployees. 

3.  The  question  whether  or  no  the  employees'  amiual* 
contribution  can  be  allowed  as  a  deduction  in  assessing  his 
earnings  depends  on  the  nature  of  his  prospective  benefit  from 
the  fund. 

If  that  benefit  is  to  be  paid  in  the  form  of  a  pension  or  amiuity 
on  retirement  (in  which  case  it  is  taxable  income)  the  contributions 
to  the  fund  are  allowed. 

Conversely,  if  the  benefit  is  to  be  paid  in  the  form  of  a  lump 
sum,  that  is,  of  a  payment  which  is  not  taxable,  the  contribution 
to  the  fund  is  not  allowed.  (If  it  were,  the  employee's  savings 
would  be  reheved  from  tax  altogether.) 

Where  the  benefit  is  to  be  paid  in  the  form  of  a  pension  or 
annuity  on  retirement,  but  pro\asion  is  also  made  for  payment 
of  a  lump  sum  on  death  or  retirem"ent  before  pension  age,  it  is 
made  a  condition  precedent  to  the  allowance  of  the  employee's 
contribution  that  tax  shall  be  accounted  for  to  the  Revenue  on 
so  much  of  the  lump  sums  paid  on  retirement  (but  not  on  death) 
as  represent  the  returned  contributions  of  employees  liable  to 
Income  Tax. 

*  Initial  contributions,  Mhether  of  the  employer  or  of  the  employee,  made 
in  order  that  an  employee  Mith  several  years'  service  may  come  into  the  fund 
on  a  satisfactory  footing  are  disallo^^e"d  as  being  in  the  nature  of  capital 
expenditure. 
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(c)  Interest  or  dividends  on  the  invested  funds. 

4.  The  income  from  the  investments  of  a  fund  is  liable  to 
tax  in  full  like  any  other  income  of  this  nature.  On  payment  of 
pensions,  however,  the  fund  is  entitled  to  deduct  tax  at  the  full 
rate  from  the  pensions*  and  (so  far  as  the  pensions  are  paid  out 
of  the  investment  income  of  the  funds  which  has  borne  tax)  to 
retain  the  tax  so  deducted.  Thus  it  suffers  tax,  if  at  all,  only  on 
its  undistributed  income. 

5.  In  the  case  of  funds  which  have  been  in  existence  for  a 
number  of  years,  and  have  not  substantially  increased  their 
membership,  the  pensions  either  exceed  the  taxed  investment 
income  or  approximate  to  it ;  correspondingly,  the  tax  deductible 
from  the  pensions  either  exceeds  or  approximates  to  the  tax 
paid  on  the  investment  income,  with  the  result  that  Kttle  or  no 
tax  falls  upon  the  fund.  (This  represents  the  position  of  most 
of  the  railway  funds.) 

6.  In  the  case  of  funds  which  have  only  been  in  existence  a 
short  time  or  have  increased  their  membership  substantially, 
the  converse  holds  good ;  that  is  to  say,  the  investment  income 
exceeds  the  pensions  paid  and  the  tax  on  the  excess  falls  upon  the 
fund. 

II.  Statement  as  to  Relief  Sought  by  the  Fuxds. 

7.  As  just  explained,  the  Superannuation  Funds — 

(a)  pay  Income  Tax  at  the  full  rate  on  all  their  incomes 

from  investments  ;  and 
(6)  afterwards  recoup  themselves  to  the  extent   of  tax 
at  the  full  rate  on  so  much  of  that  income  as    is 
distributed  in  pensions. 
In  other  words,  the  funds  ultimately  bear  tax  at  the  full 
rate  on  their  undistributed  income.     This  is  the  subject  of  their 
complaint. 


*  Where  a  fund  has  deducted  tax  from  a  pension  at  the  full  rate,  the 
pensioner  can  of  course  claim  any  repayment  to  which  he  maj'  be  entitled  hy 
reference  to  the  amount  of  his  total  income.  In  order  to  save  separate  claims 
for  repaj-ment  by  the  individual  pensioners,  the  Inland  Revenue  Department 
has  made  an  arrangement  with  many  pension  funds  under  which  the  fund 
deducts  tax  from  the  pensions  onh^  to  the  extent  of  the  pensioner's  net  liabiUt}-, 
the  amount  of  which  is  notified  by  the  Department  to  the  fund.  The  Depart- 
ment subsequently  repaj's  or  allows  to  the  fund  an  amount  representing  the 
difference  between  the  tax  at  the  full  rate  of  the  amount  of  taxed  income 
distributed  in  pensions  and  the  aggregate  liability  of  the  pensioners  in  resjKJct 
of  their  pensions. 
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8.  The  funds  seek  relief  from  the  tax  in  whole  or  in  part, 
putting  forward  as  reasons — 

(rt)  that  they  encourage  thrift,   and  that  certain  other 

funds  which  do  the  same  are  accorded  exemption  ; 

and 
(6)  that  their  indi\'idual  members   have   small  incomes 

and  consequently  are  either  exempt  or  liable  at  the 

lower  rates  of  tax  only. 

9.  The  burden  of  the  complaint  is  that  the  effect  of  the 
present  high  rates  of  Income  Tax  is  to  diminish  the  accumulations 
to  such  an  extent  that  the  funds  may  ultimately  become  insolvent^ 
thereby  necessitating  either  increased  contributions  by  the 
employer  or  by  the  employee  or  both.  On  the  other  hand, 
recently  established  Superannuation  Funds,  which  are  those 
mainly  affected  by  the  burden  of  tax  on  undistributed  income, 
are  maldng  additional  investments  as  their  funds  increase,  and 
on  these  new  investments  they  are  earning  a  higher  gross  rate 
of  interest  than  that  anticipated  at  the  time  of  inception  of  such 
funds. 

10.  As  regards  8  (6),  the  various  kinds  of  relief  which  the 
Income  Tax  Acts  pro\dde  for  individuals*  by  reference  to  the 
amount  of  their  total  income  do  not  extend  to  any  bodies  or 
associations  of  persons. 

11.  As  regards  8  (a),  there  is  no  general  relief  from  Income 
Tax  in  favour  of  funds  which  encourage  thrift. 

There  are,  as  the  Superannuation  Funds  point  out, 
exemptions  in  favour  of  registered  Friendly  Societies,  sa\dngs 
banks,  and  Co-operative  Societies.  As  will  be  seen,  however, 
these  exemptions  are  very  limited  in  character.  It  has,  of 
course,  to  be  borne  in  mind  that  in  each  case  the  member  or 
depositor  whose  income  exceeds  £130  is  liable  to  direct  assessment 
in  respect  of  any  income  of  a  taxable  nature  which  he  receives 
in  full  from  the  society  or  bank. 

12.  Registered  Friendly  Societies  are  exempted  from  tax  if 
they  do  not  assure  more  than  £300  or  grant  annuities  in  excess 
of  £52  a  year.  The  limit  attached  to  this  exemption  seems  to 
indicate  that  the  intention  was  to  confine  it  to  societies  all  or 
practically  all  of  Avhose  members  are  exempt.  The  exemption 
certainly  could  not  be  justified  if  the  limiting  conditions  were 
removed. 

*  The  only  bodies  to  which  a  similar  relief  {i.e.,  a  relief  by  reference  to  total 
income)  is  granted  are  unregistered  Friendlj'  Societies.  There  is  a  specific 
exemption  in  favour  of  such  societies,  where  their  income  docs  not  exceed  £160. 
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The  special  Income  Tax  provisions  relating  to  savings  hanks 
do  not  affect  their  undistributed  income  except  so  far  as  it  is 
derived  from  investments  A\'ith  the  National  Debt  Commissioners. 
These  investments  are  only  made  by  the  banks'  "  general 
departments  "  in  which  the  limit  for  deposits  is  £200.  This 
exemption  is,  therefore,  similar  to  the  last,  being  based  on  the 
assumption  that  small  depositors  would  not  be  liable  to  Income 
Tax. 

The  general  exemption  of  the  banks'  funds  under  Schedules  C 
and  D  is  expressly  confined  to  the  income  ''  applied  in  the  payment 
or  credit  of  interest  to  any  depositor."  This  does  not  give  the 
savings  banks  any  advantage  over  the  Superannuation  Funds. 

13.  The  exemption  under  Schedules  C  and  D  in  favour  of 
Co-operative  Societies  is  not  very  closely  in  point  in  connection 
with  the  question  of  thrift  funds.  A  better  analogy  could  be 
drawn  with  the  Life  Insurance  companies  who  have  in  fact 
raised  a  similar  claim.  These  companies  build  up  large  reserves 
out  of  their  investment  income  in  order  to  meet  future  habihties. 
The  poHcyholders  who  are  eventually  to  benefit  are  for  the  most 
jjart  people  liable  to  the  lower  rates  of  Income  Tax,  but  the 
imdistributed  income  of  the  companies  is,  nevertheless,  taxed  at 
the  full  rate. 

14.  The  question  of  the  incidence  of  Income  Tax  on 
Superannuation  Funds  is  merely  a  part  of  the  general  question 
of  the  treatment  for  taxation  purposes  of  undistributed  income 
of  various  classes  of  public  and  private  bodies,  and  is  one  of  the 
matters  for  the  investigation  of  the  Royal  Commission. 


Abstract  of  the  Discussion. 

Mr.  R.  G.  MAUDLING  said  that  the  great  change  in  the  level 
of  wages  had  placed  existing  superannuation  funds  in  a  very  serious 
position,  and  Mr.  Epps  had  shown  approximately  what  the  effect 
of  the  change  would  be.  He  (the  speaker)  had  had  to  deal  mainly 
with  railway  superannuation  funds,  and  in  the  absence  of  any 
reliable  statistical  basis  he  had  found  considerable  difficulty  in 
forming  a  new  salary  scale.  From  consideration  of  the  scale  of 
salaries  agreed  between  the  railway  companies  and  the  Railway 
Clerks'  Association,  in  the  course  of  the  settlement  which  took 
place  about  August  1919,  he  had  constructed  a  scale  which  showed 
very  much  the  same  ratio  of  increase  as  the  existing  scale,  and  in 
this  respect  it  was  hke  Mr.  Epps"s  scale  No.  2.  But  there  were 
some  special  features  of  the  settlement  which  materially  affected 
the  scale. 
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With  regard  to  depreciation  of  investments  in  pension  funds 
he  thought  that  unless  the  rate  of  interest  were  raised  accordingly, 
a  serious  hardshiji  would  fall  upon  existing  members.  As  to  the 
general  treatment  of  depreciation,  he  might  be  accused  of  heresy, 
inasmuch  as  he  could  not  bring  himself  to  write  securities  down  to 
their  present  market  value  irrespective  of  the  actual  description 
of  the  security.  He  preferred  to  make  a  reserve  for  possible  loss 
on  realization,  and  to  give  considerable  weight  to  the  fact  that 
securities  might  ultimately  recover.  If  the  capital  had  not  been 
lost  and  was  repayable  at  a  definite  date,  there  Avas  really  not  much 
need  for  writing  down.  He  thought  also  that  account  might  be 
taken  of  the  fact  that  with  the  increased  salaries  some  of  the 
superannuation  funds  would  rapidly  increase.  The  money  that 
was  obtained  thereby  could  now  be  invested  at  a  very  high  rate 
of  interest,  and  he  would  be  inclined  to  create  a  reserve  fund 
out  of  existing  earnings  in  order  to  provide  for  possible  loss  on  old 
investments.  This  must  involve  the  immediate  removal  from  the 
balance  sheet  of  any  security  that  was  irretrievably  bad.  One 
would  have  to  take  very  drastic  steps  with  some  Harbour  Trust 
investments,  for  instance.  Otherwise  he  was  not  inclined  to  give 
much  credit  to  present  market  values,  because  they  were  more  or 
less  fictitious,  being  the  values  which  a  man  who  was  compelled  to 
realize  was  prepared  to  take,  and  he  thought  it  would  be  extremely 
unwise  to  write  everything  down  to  that  level. 

He  hoped  that  the  Institute  would  be  able  to  make  its  influence 
felt  on  the  subject  of  income-tax.  Life  assurance  companies 
obtained  reUef  in  respect  of  expenses  and  the  least  that  superannuation 
funds  might  expect  would  be  to  have  such  relief  as  would  place 
them  in  as  good  a  position  as  life  assurance  companies. 

In  some  cases  contributions  were  charged  on  bonuses  as  well  as 
on  salary.  It  seemed  to  him  that  in  such  cases  if  the  pension  were 
based  on  final  salary — which  might  be  no  more  than  the  present 
salary  and  bonus— possibly  the  men  who  had  been  paying  for  the 
last  two  or  three  years  would  get  no  return  for  their  extra  payments. 

Passing  to  the  question  of  valuation  reserves,  he  had  taken  out 
some  figures  for  railway  superannuation  funds  based  on  average 
salary.  If  the  reserves  on  the  basis  of  old  salaries  at  4  per-cent 
were  taken  as  £1,000,  on  new  salaries  at  4  per-cent  they  would  be 
£1,113  ;  at  5  per-cent  on  the  basis  of  new  salaries  the  reserve  was 
only  £806 — that  is,  a  reduction  of  20  per-cent  on  the  figiure  for  the 
old  salaries  at  4  per-cent. 

In  discussing  possible  methods  of  putting  the  funds  into  a  solvent 
position,  the  author  of  the  Paper  gave  the  uniform  percentage 
reduction  of  benefits  that  would  be  necessary,  but  presumably,  he 
would  not  be  in  favour  of  that  method.  It  would  be  distinctly 
inequitable  to  apply  a  uniform  reduction  of  benefits  all  round. 
The  ingenious  method  of  dealing  with  the  deficiency  by  means  of 
varying  the  pension,  or  rather  the  amount  of  salary  allowed  as 
pension  in  respect  of  future  service  and  past  service,  might  lie  a 
very  valuable  method  in  many  cases. 
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He  would  conclude  with  one  or  two  remarks  on  the  Civil  Service 
Pensioners'  Experience  appended  to  the  paper.  Were  any 
additional  climatic  risks  included  in  this  experience  ?  The  India 
Office  was  of  course  included,  but  did  the  Colonial  Office  come  in  ? 
This  would  have  some  bearing  probably  on  the  heavy  rate  of 
mortality  in  the  first  year  after  retirement  in  the  case  of  those 
members  who  retired  before  60.  On  the  whole  the  rates  of  civil 
servants  compared  fairly  closely  with  those  of  elementary  school 
teachers  (male),  brit  the  practical  value  of  the  adoption  of  select 
tables  did  not  seem  to  be  very  gi-eat.  The  differences  were 
comparatively  small,  and  perhaps  would  hardly  be  such  as  to  justify 
the  adoption  of  select  tables,  even  if  there  were  a  sufficient  volume 
of  data  to  enable  them  to  be  constructed. 

Mr.  D.  C.  FEASER  said  there  was  one  point  of  particular 
personal  interest  to  bim  in  the  paper  because  Mr.  Epps  had  referred 
to  an  investigation  in  which  he  (the  speaker)  had  the  great  privilege 
of  being  associated  with  Sir  George  Hardy.  He  well  remembered 
the  circumstances  in  which  the  table  mentioned  by  Mr.  Epps  was 
produced.  It  was  the  table  giving  the  select  rates  of  mortality 
for  disabled  male  teachers,  and  he  would  like  to  say  that  the  full 
weight  of  Sir  Cxeorge  Hardys  name  and  experience  could  be  attached 
to  that  table.  In  the  winter  of  1913,  Sir  George  Hardy  was  ordered 
to  France,  and  he  (the  speaker)  was  in  communication  with  him 
and  kept  him  informed  of  what  was  going  on,  communicating 
figures  and  crude  results  to  him,  and  just  before  Christmas  he 
received  a  communication  from  Sir  George  containing  the  full 
graduation  of  the  mortality  rates  of  male  disabled  teachers,  with 
diagrams  showing  expected  and  actual  deaths,  and  a  complete 
table  which  could  be  printed  just  as  it  stood.  That  communication 
was  one  of  his  treasured  possessions.  Mr.  Epps  had  referred  to 
the  heavy  rates  of  mortality  shown  in  the  table.  They  represented 
the  experience  almost  exactly.  It  was  a  very  noticeable  feature 
that  while  the  mortality  of  male  disabled  teachers  was  extremely 
heavy,  the  mortality  of  female  disabled  teachers  was  very  light  in 
comparison.  The  circumstances  of  the  two  sexes  were  apparently 
quite  different  as  regards  disablement.  It  seemed  that  the  male 
disabled  teachers  did  not  retire  unless  and  until  they  were  absolutely 
compelled  to  do  so  ;  the  female  teachers  gave  way  more  easily  and 
retired  to  more  congenial  conditions,  domestic  life  coming  more 
natiu-ally  to  women  than  to  men. 

Mr.  Epps  had  made  a  very  useful  comparison  of  the  effect  of 
using  select  and  aggregate  rates  of  mortality  for  Pensioners.  In  his 
own  practice  he  had  been  in  the  habit  of  giving  approximate  effect 
to  selection  by  using  a  uniform  rate  of  mortality  over  a  wide  range 
of  ages  for  the  first  year  of  superannuation,  another  uniform  rate 
for  the  second  year,  and  so  on  up  to  a  dmation  of  perhaps  five  years, 
after  which  an  ordinary  aggregate  table  of  mortality  would  be 
employed.  Mr.  Epps  had,  however,  shown  that  an  aggregate  table 
might  be  employed  at  all  durations  without  much  error,  provided 
the  aggregate  experience  on  which  it  was  based  had  been  sufficiently 
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extensive.  Where  tlie  danger  lay  was  in  using  an  aggregate  table  in 
whicli  the  ultimate  experience  had  not  had  time  to  show  its  full 
effect,  with  the  result  of  giving  undue  weight  to  the  heavy  mortality 
which  was  a  usual  feature  of  the  early  years  of  superannuation. 

The  memorandum  which  ]\Ir.  Epps  had  printed  as  an  appendix 
on  the  subject  of  income  tax  was  very  valuable  in  this  convenient 
shape.  The  subject  was  one  which  was  particularly  perplexing 
at  the  present  time,  and  he  would  like  to  put  in  a  very  strong  plea 
for  the  question  to  be  definitely  settled  one  way  or  the  other.  When 
dealing  with  pension  funds  one  was  continually  having  it  brought 
to  one's  attention  that  the  Boyal  Commission  had  unanimously 
recommended  that  pension  funds  should  be  relieved  from  the  burden 
of  income  tax,  and  the  actuary  had  regretfully  to  point  out  that 
he  could  not  give  efiect  to  recommendations  which  had  not  become 
law.  With  regard  to  3Ir.  ]\Iaudling"s  suggestion  that  pension  funds 
should  be  put  on  the  same  footing  as  insiurance  companies,  the 
deduction  of  expenses  for  the  purpose  of  calculating  the  income  tax 
would  give  a  very  trifling  relief  indeed  to  pension  funds,  and  he 
hoped  that  efiect  would  be  given  to  the  recommendation  that 
interest  on  pension  funds,  as  interest,  should  be  relieved  from  tax. 
At  the  present  time  that  would  be  a  most  valuable  measure  in  the 
way  of  encouraging  and  stimulating  the  formation  of  new  funds. 

On  the  question  of  depreciation  and  interest  his  own  disposition 
was  to  give  full  effect  to  depreciation,  and  also  to  the  higher  rate 
of  interest  which  one  woidd  then  be  justified  in  assuming.  With 
regard  to  negative  values,  he  had  one  case  of  a  fund,  which  was 
hopelessly  insolvent  as  it  was  brought  to  him,  but  in  which  very 
drastic  arrangements  had  been  made  by  high  rates  of  contribution 
to  put  the  fund  in  a  proper  position.  After  full  investigation  of 
the  circumstances,  and  being  satisfied  on  the  point  that  membership 
of  the  fund  was  compulsor}'  by  statutory  arrangements  and  therefore 
that  the  contributions  were  practically  guaranteed,  he  had  no 
hesitation  in  retaining  negative  values  in  the  fund.  With  reference 
to  the  use  of  select  rates  in  valuations,  he  agreed  that  there  were 
very  few  cases  in  which  this  was  practicable. 

Mr.  Epps  had  apparently  contemplated  the  alarming  possibility 
of  benefits  being  reduced,  but  he  (the  speaker)  thought  that  the 
influences  which  had  brought  about  the  great  changes  in  salaries 
and  salary  scales  were  in  most  cases  quite  strong  enough  to  secure 
that  the  safety  of  the  fund  should  not  be  brought  about  by  the 
method  of  reducing  benefits.  The  companies  and  the  organizations 
which  had  had  to  increase  salaries  could  not  turn  round  and  say 
that  they  would  reduce  pension  benefits.  In  his  experience  the 
tendency  was  to  increase  pensions  and  to  bring  in  new  benefits. 
The  one  method  of  putting  the  funds  in  a  sound  financial  condition 
was  the  method  to  which  one  was  accustomed  when  dealing  with 
new  funds — namely,  by  the  provision  of  either  a  capital  sum  or  an 
equivalent  annual  charge. 

Mr.  J.  BACOX  said  that  he  would  like  to  emphasize  the  point 
which  the  author  made  that  he  was  dealing  with  only  a  portion  of 
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the  whole  problem.  The  difiiculty  with  which  the  actuary  was  faced 
in  valuing  a  pension  fund  was  not  so  much  the  effect  of  a  change 
in  the  salary  scale  as  of  how  to  deduce  the  salary  scale.  He  had 
one  case  recently  in  which  no  fewer  than  80  changes  in  the  way  of 
bonus  addition  had  occurred  between  1917  and  1920.  All  these 
bonus  additions  counted  for  contribution  to  pension.  The  pension 
itself  was  based  on  final  salary,  and  the  salaries  were  to  vary  in 
accordance  with  the  cost  of  living  as  determined  by  the  Whitley 
scheme.  Given  conditions  such  as  that,  the  problem  was  to  arrive 
at  a  salary  scale.  Assuming  that  one  had  arrived  at  it — and  although 
the  Pension  Fund  might  have  a  scale  of  increasing  salary  from  age 
to  age,  that  was  not  necessarily  the  scale  to  be  applied  in  valuation 
— one  had  the  effect  of  special  promotions  as  a  result  of  the  war, 
and  of  members  coming  in  at  a  different  entry  age.  He  wished 
to  emphasize  this  in  case  any  deductions  were  drawn  from  the 
curious  agreement  of  the  rate  of  contributions  on  the  5  per-cent 
scale  with  the  rate  of  contributions  on  the  4  per-cent ;  such 
agreement  was  probably  pure  coincidence.  None  of  the  assumptions 
which  3Ir.  Epps  had  made  probably  would  apply  in  practice,  for 
then  instead  of  having  a  fixed  addition  plus  a  percentage,  or  a  fixed 
percentage,  there  would  usually  be  a  percentage  addition  decreasing 
as  the  salary  itself  increased  in  amount,  sometimes  with  a  minimum 
or  maximum.  Average  salaries  were  largely  fallacious.  Even 
before  the  war  there  was  a  tendency  for  prices  and  salaries  to  increase, 
and  that  point  had  to  be  borne  in  mind  in  deducing  salary  scales. 
The  scale  of  salary  was  only  one  feature  of  the  whole  problem. 
During  the  war.  rates  of  mortality  and  of  retirement,  of  interest 
and  of  withdrawal,  had  all  undergone  very  considerable  changes, 
and  these  must  all  be  taken  into  account. 

With  regard  to  the  rate  of  interest,  he  might  mention  one 
particular  case  in  which  it  would  certainly  be  unwise  if  not  quite 
wrong  to  take  account  of  depreciation.  There  were  certain  funds 
which  made  their  own  investments,  but  were  allowed  a  guaranteed 
rate  of  interest  on  them.  If  the  investments  were  written  down 
to  market  value,  the  rate  of  interest  on  them  would  have  to  be 
raised  above  the  guarantee. 

He  had  compared  the  rates  of  mortality  which  ]\Ir.  Epps  had 
used  in  his  paper  with  the  pre-war  rates  of  two  railway  companies, 
a  bonus  fund  among  railwa\niien,  a  borough  municipal  fund  and  a 
voluntary  fund  on  behalf  of  a  number  of  ministers  of  a  religious 
denomination,  and  he  found  that  in  every  case  the  rates  of  mortality 
were  considerably  above  those  assumed  in  Mr.  Epps's  tables. 
Mr.  Epps,  for  instance,  in  his  active  service  table  had  given  the 
rate  of  mortality  between  the  ages  of  eighteen  and  thirty  as  -001 — 
he  gathered  that  was  empirical — and  he  found  the  rates  for  those 
ages  in  the  funds  to  which  he  had  alluded  to  be  from  '0021  to  "0029, 
the  latter  figure  being  nearly  three  times  as  high  as  the  one 
assumed  by  Mr.  Epps.  He  would  like  to  say  that  he  had  compared 
in  several  of  these  cases  the  expected  deaths  during  the  last  five 
years  with  the  actual  mortality,  and  he  found  that  dming  the  war 
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period  the  mortality  of  members  on  tlie  active  list,  excluding  the 
deaths  on  active  service,  was  considerably  above  the  pre-war  rate. 

He  ventured  to  think  that  the  position  when  pensions  were 
based  on  final  salary  would  not  be  nearly  so  bad  as  would  appear 
from  the  paper  because  where  there  was  any  option  at  all  as  regards 
retirement,  a  man  whose  pension  had  to  be  based  on  past  salary 
would  be  likely  to  defer  his  retirement,  and  they  would  probably 
find  that  the  rates  of  retirement  would  depend  upon  how  the  pension 
was  to  be  based,  whether  on  past  or  average  salary.  That,  again, 
would  have  some  bearing  on  the  rates  of  mortality  among 
pensioners.  He  thought  there  was  no  doubt  that  mortality  among 
pensioners  had  been  accentuated  to  some  extent  by  men  remaining 
in  the  Service,  after  they  should  have  retired.  They  remained 
during  the  war  partly  on  account  of  pressure  from  employers,  and 
partly  owing  to  the  effect  of  the  increased  cost  of  living,  which  would 
have  made  their  pensions  inadequate.  He  thought  that  some  of 
these  varying  factors  would  have  a  compensating  effect  when  they 
reached  a  state  of  equilibrium.  He  would  suggest,  in  connection 
with  municipal  pension  funds,  that  if  new  legislation  were  brought 
in  dealing  with  these  fund?,  the  actuary  should  be  allowed  to 
certify  as  the  necessary  annual  contribution  not  a  fixed  amount, 
but  a  percentage  of  salaries,  so  that  there  might  be  some  relation 
between  the  contribution  paid  by  the  municipality  and  the  liability 
which  it  was  asked  to  assume. 

In  conclusion  he  held  that  the  actuary,  knowing  that  there 
were  so  many  changed  conditions,  and  that  the  experience  of  the 
past  five  years  had  been  c[uite  abnormal  and  was  a  very  unsafe 
guide  for  the  future,  and  being  aware  of  the  interplay  between 
mortality,  retirement,  withdrawal  and  salary,  should  not  burden 
any  fund  or  municipality  to  any  greater  extent  than  he  felt  absolutely 
bound  to  do.  Personally  he  would  certainly  not  write  down 
investments  to  their  present  market  price,  but  would  simply  set 
aside  an  investment  reserve  and  write  off  any  deficiency  there 
might  be  by  means  of  an  annuity,  believing  as  he  did  that  in  five 
or  ten  years'  time,  when  they  had  got  to  a  state  of  equilibrium,  the 
annuity  set  apart  would  probably  not  be  required,  and  by  that 
]neans  he  would  have  succeeded  in  giving  a  degree  of  safety  to  the 
fund  without  unduly  crippling  the  employer. 

Mr.  a.  S.  HOLNESS,  referring  to  the  experience  of  invalid 
pensioners,  thought  that  Mr.  Epps  had  erected  a  somewhat  more 
substantial  edifice  than  the  foundation  could  perhaps  bear.  In 
the  select  table  he  noticed  that  only  83  deaths  occurred  at  ages 
below  60,  and  that  deaths  in  excess  of  10  per  quinary  group  occurred 
only  at  ages  above  45,  and  even  there  the  average  was  less  than  one 
death  per  age  and  year  of  duration.  It  was  rather  difficult  from  that 
to  know  how  much  weight  to  attach  to  the  results.  A  comparison 
of  actual  and  expected  deaths  during  the  select  period  would  have 
been  useful.  That  might  have  made  it  possible  to  judge  whether 
much  weight  could  be  attached  to  the  remarkable  similarity  between 
the  rates  and  those  deduced  bv  Sir  George  Hardv  and  Mr.  Eraser. 
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It  seemed  to  him  to  be  more  probably  due  to  the  nature  of  the 
graduation  than  to  the  facts  themselves.  There  was  one  interesting 
point  in  this  connection  :  if  one  took  the  ratio  of  q[x]+n  to  qx+n 
very  different  results  were  brought  out  at  the  older  ages. 
At  the  age  of  35  a  comparison  between  Mr.  Epps's  figures  and  those 
of  Hardy  and  Fraser  still  showed  a  remarkable  correspondence  ; 
in  the  first  year  of  duration  the  figures  were  IIT'S  and  147-0 
respectively  ;  but  the  rates  became  progressively  dissimilar  as  the 
age  increased,  until  at  50  Mr.  Epps's  figures  were  409  and  those  of 
Hardy  and  Fraser  329,  and  at  a  later  age  the  dissimilarity  was  even 
greater.  The  explanation  of  this  peculiarity  was  probablv  that 
the  progressions  of  the  rates  in  the  select  table  and  the  ultimate 
table  were  not  similar,  that  it  to  say,  the  comparative  slope  at  the 
various  ages  was  not  the  same  in  the  two  tables.  But  at  least 
they  could  say  that  the  rates  which  ]\Ir.  Epps  had  produced  did 
clearly  show  that  the  effect  of  this  adverse  select  table  was  very 
great  indeed.  He  was  rather  puzzled  to  accoxint  for  Mr.  Epps's 
remark  that  the  effect  of  selection  wore  off  in  five  years.  Surelv 
the  effect  of  adverse  selection  was  still  persisting  to  a  very  large 
degree.  There  were  one  or  two  cases  in  which  adverse  selection 
occurred  in  life  assurance  practice  ;  for  example,  term  assurances 
with  the  option  of  effecting  a  new  assurance  during  the  term  without 
fresh  medical  examination  at  the  rate  of  premium  for  the  age  at 
conversion.  The  option  premiums  were  intended  to  be  a  measure 
of  the  effect  of  medical  selection.  But  there  was  something  further 
to  be  taken  into  account :  in  his  experience  the  number  of  cases 
in  which  the  option  was  exercised  was  comparatively  small,  and 
one  might  safely  say  that  where  the  life  at  the  time  when  the  option 
could  be  exercised  was  very  bad  it  would  certainly  be  exercised. 
The  effect  of  this  was  that  the  cases  which  were  converted  contained 
an  unusually  large  number  of  very  bad  Hves.  On  the  other  hand, 
as  a  set-off  against  the  mortality  loss  in  these  cases  there  was  a 
profit  in  respect  of  the  option  premiums  which  remained  in  the  fund 
in  the  case  of  all  those  who  did  not  exercise  the  option,  but  dropped 
their  policies.  The  result  would  depend  upon  the  relative  amounts 
of  this  profit  and  the  mortality  loss.  He  could  not  say  that  the 
system  was  unprofitable,  but  if  it  were  profitable  it  was  more  a 
matter  of  chance  than  of  the  premium  being  on  a  scientific  basis. 

Mr.  S.  G.  WARNER  said  that  the  question  how  depreciation 
of  securities  should  be  dealt  with  was  one  of  considerable  diflficultv. 
and  there  seemed  to  be  rather  varied  opinions  upon  it.  The  \new 
he  had  been  dispo.sed  to  take  was  on  the  whole  that  depreciation 
should  be  severely  dealt  with,  but  that  there  should  be  little 
hesitation  about  using  something  nearly  approaching  the  rate  of 
interest  which  that  depreciation  revealed  as  ha\'ing  been  secured. 
It  depended  very  largely  of  course  on  the  kind  of  investment  and 
the  causes  of  depreciation,  and  of  those  two  points  the  second  was 
the  more  difficult  to  assess. 

It  was  easy  to  say  they  must  assume  the  investments  to  be 
good  and  sound.     But  then  came  the  question  why  it  was  that  they 
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were  at  such,  a  low  level.  That  might  arise  from  obvious  causes 
such  as  the  condition  of  the  money  market  and  the  price  of  money, 
and  it  might  arise  from  uneasiness  and  foreboding  as  to  the  future. 
The  latter  might  be  particularly  the  case  at  the  present  moment 
with  the  majority  of  railway  securities.  Still,  it  might  be  considered 
probable  that  anyone  who  would  not  write  off  depreciation,  but 
would  set  up  a  reserve  fund  instead,  would  have  a  fair  conviction 
that  a  good  deal  of  the  lost  value  was  going  to  return,  and  that 
the  depreciation  was  related  not  so  much  to  the  intrinsic  value  of 
the  secmity  as  to  the  results  of  general  financial  conditions  which 
it  might  be  hoped  would  be  fairly  temporary.  In  that  case  and 
on  those  assumptions  it  certainly  had  seemed  to  him  that  the  best 
and  most  straightforward  course  was  to  face  the  facts  as  they  stood 
and  not  take  credit  on  the  one  hand  for  values  which  they  knew  were 
not  at  the  moment  obtainable,  and  set  up  on  the  other  a  reserve 
the  adequacy  of  vrhich  no  one  examining  the  account  had  any 
means  of  ascertaining.  An  objection  had  been  made  on  the  ground 
that  valuation  was  a  thing  for  all  time.  But  he  did  not  see  why 
the  rate  of  interest  should  not  be  quite  elastic,  varying  with  money 
market  conditions,  just  as  depreciation  of  securities  varied.  If 
they  had  securities  which  were  redeemable  at  fixed  rates,  and  were 
certain  that  those  securities  would  be  paid  in  full,  and  that  they 
were  depreciated  owing  to  temporary  conditions,  then  if  they  took 
credit  for  market  values  in  the  balance  sheet,  that  automatically 
gave  them  a  higher  rate  of  interest.  As  between  the  two  suggestions 
(1)  declining  to  write  down  the  securities  and  to  face  their  present 
depreciation  on  the  assumption  that  it  was  temporary  and  setting 
up  a  reserve  fund  instead  of  writing  them  down,  and  (2)  the 
alternative  of  writing  them  down  to  the  absolute  market  value 
and  dealing  more  liberally  with  the  rate  of  interest,  he  himself 
would  be  inclined  to  favour  the  second  alternative. 

Mr.  L.  E.  CLIXTOX  said  that  it  had  been  suggested  in  the  discus- 
sion that  in  practice  increases  of  salary  did  not  take  the  convenient 
forms  which  Mr.  Epps  assumed  in  his  paper.  Xo  doubt  the  author 
had  made  those  convenient  assumptions  in  order  to  save  unnecessary 
labour.  He  could  have  taken  scales  which  showed  irregular  increases 
from  age  to  age  and  still  have  worked  out  his  examples  by  means 
of  one  valuation.  He  could  have  done  this  by  using  ilr.  R.  P. 
Hardy's  method  of  '"  ages  passed  through."  In  one  of  the  President's 
lectures  on  friendly  societies  it  was  shown  how  effect  could  be  given 
to  the  variation  of  the  standard  rates  of  sickness  from  age  to  age. 
Substituting  the  salary  rate  for  the  rate  of  sickness  it  would  be  seen 
that  a  pension  fund  valuation  could  be  easily  thrown  into  a  form 
which  would  enable  any  number  of  valuations  with  varying  salary 
scales  to  be  made  with  very  little  additional  work. 

With  regard  to  depreciation,  he  rather  agreed  with  those 
speakers  who  had  expressed  the  opinion  that  it  was  noL  necessary 
to  saddle  existing  contributors  with  the  whole  of  the  depreciation 
shown  by  present  market  values.  He  looked  at  it  from  this 
iitandpoint :    pension  funds  and  life  assurance  companies  fell  into 
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totally  different  categories.  Pension  funds  were  established  to 
provide  annuities  in  the  future,  life  assurance  funds  to  make  capital 
payments,  and  it  seemed  to  him  that  in  the  former  case  whilst  one 
had  got  to  investigate  very  closely  the  nature  of  the  securities,  yet 
provided  the  income  was  secure  there  was  no  necessity  to  deal  so 
harshly  with  this  question  of  depreciation.  No  doubt  some 
irredeemable  securities  should  be  written  down,  but,  generally 
speaking,  he  felt  that  the  amortisation  plan  of  valuing  securities 
was  a  suitable  one  to  apply  in  the  case  of  pension  funds,  a  rate  of 
interest  slightly  higher  than  the  valuation  rate  being  used  in 
applying  the  plan. 

Mr.  .Maudling  had  suggested  that  pension  funds  should  have  at 
least  the  same  pri\'ileges  with  regard  to  income  tax  as  life  offices. 
It  appeared  to  him  that  in  regard  to  the  main  basis  of  taxation 
that  was  already  the  case.  In  pension  funds  the  basis  of  taxation 
was  interest  less  pensions,  and  in  life  offices  ha\ang  annuity  funds 
it  was  interest  less  annuities.  Most  of  them  would  agree  that 
pension  funds,  being  entirely  thrift  funds,  should  be  exempt  from 
income  tax,  but  in  the  present  state  of  the  law  only  the  net  rate  of 
interest  which  the  funds  earned  could  be  taken  into  accoimt  in 
fixing  the  valuation  rate  of  interest.  He  thought  that  the  proper 
method  of  dealing  with  negative  values  depended  upon  (1)  whether 
membership  was  compulsory,  and  (2)  the  status  of  the  employer. 
On  the  general  question  of  liquidatioji  of  deficiencies,  it  was  quite 
clear  that  no  hard  and  fast  rule  could  be  laid  down.  He  himself 
regarded  the  abnormal  increases  in  salaries  as  being  really  of  the 
nature  of  superimposed  salaries.  The  position,  therefore,  was  very 
much  akin  to  the  starting  of  a  new  fund  in  regard  to  these  increases, 
and  in  that  case  the  liquidation  of  the  initial  deficiency  due  to  the 
higher  attained  ages  of  the  existing  employees  generally  depended 
on  the  generosity  of  the  employer.  Such  deficiencies  were  usually 
liquidated  by  means  of  an  annuity  over  a  long  period  and  personallv 
he  would  advocate  that  method  of  basing  the  valuation  on  the  old 
scale  of  contributions. 

ilr.  Bacon  had  referred  to  the  fact  that  Mr.  Epps  did  not  deal 
with  some  of  the  more  difficult  problems  arising  from  post-war 
effects  in  connection  with  pension  funds  and  he  referred  particularly 
to  the  question  of  the  possibility  of  retardation  of  retirements. 
He  (the  speaker)  doubted  whether  this  particular  effect  was  likely 
to  occur.  On  the  contrary,  he  thought  that  an  acceleration  of 
retirement  was  more  probable.  During  the  war  there  was  a  large 
number  of  suspended  retirements,  and  when  men  retm-ned  to 
emplopnent  after  the  cessation  of  hostilities  companies  and  firms  were 
faced  with  redundant  staffs.  One  of  the  simplest  methods  of  dealing 
with  that  difficulty  was  to  pension  at  the  earliest  possible  moment 
all  those  that  were  pensionable.  He  thought  that  the  matter  had 
been  viewed  too  exclusively  from  the  point  of  view  of  the  employee, 
but  retirement  from  service  on  account  of  age  rested  with  the 
employer  and  not  with  the  employee,  and  regard  must  be  had  to 
the  employer's  point  of  view  when  visualising  what  was  to  happen 
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in  the  future.  Then  again,  from  the  employer's  point  of  view,  the 
enhanced  pay-roll  and  the  pension  fund  commitments  were  looked 
at  together,  and  if  it  were  possible  to  replace  men  who  were  in 
receipt  of  higher  salaries  by  younger  men  at  lower  rates,  thereby 
also  reducing  the  amount  of  contributions,  surely  there  would  be 
a  tendency  to  do  that.  It  seemed  to  him  that  actuaries  would  need 
considerable  margins  to  provide  for  some  of  the  other  post-war 
effects,  and  for  that  reason  he  was  in  favour  of  retaining  the  old 
scale  of  contributions  rather  than  the  reduced  rates  of  contribution 
which  were  obtained  by  using  a  flatter  salary  curve  consequent 
upon  the  increased  salaries. 

The  mortality  investigation  which  Mr.  Epps  gave  in  his  addendum 
was  a  very  valuable  addition  to  the  paper  ;  in  his  view  pensioners' 
mortality  was  the  most  important  element  in  connection  with  the 
valuation  of  pension  funds.  In  one  very  large  fund  with  which  he 
was  familiar  the  rates  of  mortality  amongst  pensioners  were  found 
to  have  got  very  appreciably  lighter  at  three  successive  valuations, 
and  he  doubted  whether  the  general  imj^rovement  in  mortality 
was  the  sole  cause  of  this  feature.  In  his  opinion  the  age  of  the 
fund  had  a  considerable  bearing  on  the  rate  of  mortality  brought 
out.  It  seemed  quite  reasonable  to  suppose  that  in  the  very  early 
years  the  early  deaths  represented  the  heavy  mortality,  and  not 
until  the  fund  had  been  established  for  some  considerable  number 
of  years  did  one  get  a  normal  sample  of  pensioners'  mortalit}'. 
The  investigation  Mr.  Ejips  had  made  would  seem  to  show  that 
both  for  the  piurpose  of  making  valuations  and  calculating 
contributions  it  was  desirable  to  use  select  annuities  rather  than 
aggregate  annuities,  but  although  one  came  to  that  conclusion 
from  studying  the  rates  of  mortality  it  was  rather  surprising  to  find 
that  heavier  reserves  and  higher  contributions  were  deduced  by 
the  "  aggregate  "  method.  In  searching  for  an  explanation  of  this 
apparent  anomaly  he  observed  that  in  constructing  the  aggregate 
annuities  the  author  had  mixed  the  mortality  of  the  incapacity 
pensioners  with  that  of  the  age  pensioners,  thereby  producing 
much  higher  values  at  ages  below  sixty  than  those  on  the  select 
basis.  He  thought  that  the  two  classes  of  pensioners'  mortality 
should  be  kept  quite  separate,  and  if  Mr.  Epps  had  done  this  he 
might  have  found  that  the  valuation  reserves  and  also  the 
contributions  based  on  the  select  annuities  would  have  been  greater 
and  not  less. 

The  PRESIDENT,  in  proposing  a  vote  of  thanks  to  the  author, 
said  that  the  discussion  had  revealed  differences  of  opinion  on  many 
points,  and  those  differences  were  bound  to  exist  in  the  circumstances 
in  which  they  found  themselves  to-day  with  regard  to  superannuation 
funds.  It  was  of  the  highest  importance  that  they  should  exchange 
views  with  one  another  and  try  to  come  to  a  common  opinion  on 
matters  of  practice  so  that  the  world  at  large  would  bring  against 
them  no  charge  of  inconsistency  in  the  advice  which  they  respectively 
gave  to  those  who  consulted  them. 

Mr.  epps,  in  reply,  stated  that  he  had  omitted  to  mention, 
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in  regard  to  the  subject  of  income  tax,  that  the  appendix  following 
the  one  he  had  given  in  his  paper  contained  the  views  of  the  Inland 
Revenue  on  the  proposals  put  forward  by  Mr.  Mitchell.  In  this 
appendix  the  Board  of  Inland  Revenue  stated  that  they  would 
offer  no  objection  to  the  recommendations  which  were  subsequently 
made  by  the  Royal  Commission.  They  estimated  that  what  was 
recommended  bv  the  Roval  Commission  would  cost  no  more  than 
£100,000  a  year". 

Mr.  Fraser  and  one  or  two  other  speakers  had  drawii  attention 
to  some  remarks  he  had  made  in  his  paper  on  the  subject  of  reducing 
benefits.  He  quite  agreed  that  any  general  reduction  of  benefits 
was  unlikely.  Several  speakers  had  suggested  that  his  service 
table  was  artificial.  He  had  quite  expected  that  criticism,  but,  as 
a  matter  of  fact,  his  service  mortality  rates  were  deduced  from  a 
small  experience,  and  he  believed  them  to  represent  the  position 
in  a  very  select  class  of  life.  He  agreed,  however,  that  he  might 
have  taken  heavier  rates  which  would  have  been  a  closer 
representation  of  the  experience  to  be  expected  in  an  ordinary  fund. 
With  regard  to  the  criticism  that  in  preparing  the  salary  scale  he 
assumed  a  constant  plus  a  percentage  addition,  it  might  be  mentioned 
that  one  of  the  Civil  Service  awards  of  war  bonus  took  that  form  ; 
and  in  many  other  cases  where  the  junior  members  of  the  staff  had 
a  larger  war  bonus  in  proportion  it  appeared  that  the  assumption 
of  a  constant  plus  a  percentage  addition  usually  gave  a  fairly  close 
approximation  to  the  actual  facts. 


Modern  Developments  in  the  Methods  of  Industrial  Assurance 
Valuations.  By  Charles  "William  Kexchixgtox,  F.I.A., 
Actuary  to  the  Wesleyan  and  General  Assurance  Society. 

[Submitted  to  the  Institute,  25  Ajn-il  1921.J 

IXTRODUCTIOX. 

1.  -LHE  Valuation  of  the  policy  liabilities  of  Industrial  Life 
Assurance  Companies  presents  a  number  of  problems  which  do 
not  arise  in  the  valuation  of  the  contracts  of  Ordinarv'  Assurance 
Offices,  and  as  the  President  indicated  in  his  recent  Presidential 
Address  that  they  are  of  interest  even  to  those  Members  of  the 
Institute  who  are  not  directly  connected  Avith  the  business  of 
Industrial  Assurance,  the  present  paper  is  submitted  in  the  hope 
that  it  may  provide  the  basis  for  the  discussion  of  some  of  these 
special  problems. 

The  recommendations  of  the  Departmental  Committee  on 
the  business  of  Industrial  Assurance  Companies  and  Collecting 
Societies  (Cmd.  614)  on  the  subject  of  Valuation,  which  give 
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rise  to  the  present  general  interest  in  the  matter,  are  chiefly 
concerned  with  the  bases  to  be  adopted,  and  it  is  possible  that, 
as  the  recommendations  involve  the  vexed  question  of 
standardized  valuations,  a  discussion  on  the  bases  of  Valuation 
would  be  of  greater  interest  to  the  profession  than  the  discussion 
of  valuation  methods.  The  preparation  of  a  paper  on  the  bases 
of  Valuation  would,  however,  have  necessitated  the  expenditure 
of  a  larger  amount  of  time  and  labour  than  I  could  have  devote'd 
to  it,  in  order  to  deal  with  the  matter  adequately  in  time  for 
submission  during  this  session,  but  the  discussion  of  the  specialized 
methods  of  Valuation  applicable  to  Industrial  Assurance 
Companies  may  not  be  an  inappropriate  introduction  to  the 
consideration  of  the  larger  subject  on  some  future  occasion. 

2.  The  special  problems  involved  in  Industrial  Assurance 
Valuations  arise  partly  from  the  distinctive  character  of  the 
business,  and  partly  from  the  mere  magnitude  of  the  number 
of  transactions  as  compared  ^vith  those  of  Ordinary  Assurance 
Companies.  The  distinctive  character  of  the  business  here 
referred  to  is  that  of  fixing  the  weekly  premium  as  the 
unit  of  measurement  and  the  sum  assured  as  the  variable 
function  depending  upon  the  age,  in  contrast  to  the  practice  in 
Ordinary  Assurance  of  taldng  the  sum  assured  as  the  standard 
of  measurement  and  the  premium  as  the  function  of  age.  The 
magnitude  of  the  number  of  contracts  renders  it  essential  to 
pay  more  consideration  to  the  methods  of  grouping  and  recording 
the  valuation  data  than  is  necessary  for  Ordinary  Assurance 
Companies.  This  may  be  illustrated  by  the  statement  that,  of 
the  Industrial  Ofiices  which  render  Returns  to  the  Board  of  Trade 
under  the  Assurance  Companies  Act,  1909,  nine  make  Annual 
Valuations,  and  the  total  number  of  Industrial  policies  brought 
into  their  1919  Valuations  exceeded  40,000,000. 

3.  It  is  not  known  whether  the  methods  of  Valuation  now 
described  are  in  general  use  in  Industrial  Assurance  Offices, 
but  they  have  in  all  cases  been  adopted  with  some  advantage 
in  practical  use.  The  general  principles  upon  which  they  are 
based  do  not  differ  essentially  from  those  which  Avere  described 
by  Mr.  Frederick  Schooling  in  his  paper  entitled  "  On  some 
methods  of  Grouping  Policies  for  the  purpose  of  Valuation  "" 
(J. I. A.,  vol.  xxxii,  p.  301),  which  was  submitted  to  the  Institute 
more  than  twenty-five  years  ago,  but  the  methods  differ 
considerably  in  matters  of  detail. 

The  magnitude  of  the  business  makes  it  essential  not  only 
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to  group  the  policies,  but  also  to  arrange  for  continuous  recording 
of  data  for  valuation  purposes  on  the  simplest  possible  lines.  It 
is  fortunate  in  this  connection  that  the  general  practice  of 
Industrial  Assurance  Companies  is  to  grant  policies  for  a  number 
of  pence  per  week  at  the  same  rate  as  that  quoted  for  a  weekly 
premium  of  one  penny,  so  that  it  becomes  unnecessary,  in  the 
majority  of  cases,  to  tabulate  anything  more  than  the  number 
of  policies  and  the  aggregate  of  the  penny  premiums. 

Mechanical  Tabulation. 

4.  This  was  the  method  submitted  by  Mr.  Schooling  in  the 
paper  already  alluded  to,  but  the  first  point  of  departure  to  which 
I  would  refer  is  the  use  of  Power's  Machines  in  obtaining  the 
figures  for  tabulation.  These  machines,  I  beheve,  have  not 
previously  been  described  in  the  Journal,  but  Sir  Gerald  Ryan 
referred  to  a  somewhat  similar  system  in  a  paper,  entitled  "  The 
Case  for  Census  Reform  ",  read  before  the  Institute  on  the 
25  November  1901  {J.I.A.,  vol.  xxxvi,  p.  329).  The  following 
is  one  of  the  footnotes  to  this  paper  (p.  352)  : 

"  The  applicability  of  the  Hollerith  Machine  to  the 
"  classification  of  insurance  statistics  in  connection  with 
"  the  investigation  of  mortality  experience  and  actuarial 
"  valuations  is  a  subject  that  demands  special  and  separate 
"  consideration." 

It  is  significant  that  nearly  twenty  years  have  elapsed  since 
this  statement  was  made. 

5.  The  Power's  system  is  similar  to  the  Hollerith  in  that  it 
employs  a  card  in  which  holes  are  punched,  the  value  represented 
by  the  hole  depending  upon  its  distance  from  the  bottom  edge 
of  the  card.  The  Power's  system  differs  from  the  Hollerith, 
and,  at  least  so  far  as  Assurance  Offices  are  concerned,  is  to  that 
extent  superior  in  that  it  not  only  lends  itself  to  the  very  rapid 
sorting  and  grouping  of  the  cards,  but  also  provides  printed  lists 
and  totals  by  an  automatic  process. 

It  is  not  proposed  to  describe  Power's  Machines  fully;  at  the 
moment  it  is  only  necessary,  in  order  to  allow  a  proper  under- 
standing of  the  methods  about  to  be  described,  that  the  general 
features  of  the  machines  in  their  application  to  insurance  purposes 
should  be  briefly  explained. 

The  use  of  Power's  Machines  may  be  described  as  the 
mechanical  application  of  a  card  system.  Each  card  contains 
all  the  information  which  might  be  written  on  one  line  in  a  boolc. 
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The  card  is  divided  into  the  same  columns  as  would  appear  in 
that  book,  but  the  card,  instead  of  being  wide  enough  for  one 
line  only,  has  at  least  ten  lines  in  order  to  enable  values  to  be 
designated  by  position  instead  of  by  different  symbols.  Whatever 
is  required  to  be  indicated  in  any  particular  column  is 
represented  by  punching  a  hole  in  the  position  of  the  number 
intended  to  be  represented. 

6.  The  following  is  a  reproduction,  2/3rds  true  size,  of  a  card 
designed  for  Industrial  Life  Assurance  purposes. 


/Agcy.  N"  . 


Pol.  No-. 


Life  Ass"*. 


Agency  No. 

0  0 


0  0  0 

1  1  1 

2  2  2 

3  3  3 

4  4  4 

5  5  5 

6  6  6 

7  7  7 


9   9   9 

I       '2      3 


Policy   No. 

0  0   0  0  0   0  0  0 

11111111 

22222222 
33333333 

4  4    4  4  4    4  4   4 

5  5  5  5  5  5  5  5 
66  666666 
77777777 


9  9    9  9   9,999 

6     7:8910111213 


9     9 
25  26 


0  0 

1  1 

2  2 

3  3 

4  4 

5  5 

6  6 

7  7 


0  0^ 

1  1  1 

2  2  2 

3  3  3 

4  4  4 

5  5  5 

6  6  6 

7  7  7 


0  0  0 

1  1  1 

2  2  2 

3  3  3 

4  4  4 

5  5  5 

6  6  6 

7  7  7 


9   9   9; 

34  35  36 


Table 

0  0    0 

B 

1  1     1 

C 

2  2  2 

D 

3  3   3 

4  4  4 

5  5   5 

G 

6  6  6 

7  7   7 

8  8  8 

M 


Prem. 
^  AJ 

1  1    3 

2  2  4 

3  3  5 

4  4  6 

5  5  7 

6  6  8 

7  7  9 

8  8  10 

9  9  Hi 

•3  44  45 
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7.  There  are  three  distinct  classes  of  machine,  and  a  normal 
user  requires  at  least  one  of  each  of  these.  In  the  first  place 
there  is  the  Punching  Machine,  fed  automatically  with  blank 
cards,  and  capable  in  the  hands  of  a  junior  girl  of  producing 
punched  cards  rather  more  quickly  than  the  same  information 
could  be  recorded  by  means  of  a  typewriter. 

In  the  second  place  there  is  a  Sorting  Machine  which  will 
sort  the  cards  into  any  required  order  or,  what  is  more  often 
required,  will  group  the  cards  into  different  batches,  so  that  all 
cards  in  one  batch  have  one  feature  in  common,  such  as  the  age. 
It  is  obvious  that  this  machine  will  enable  us  to  sub-sort  our 
main  groups,  it  being  always  understood  that  it  is  only  possible 
to  sort  according  to  one  column  of  figures  at  a  time.  Thus  to 
group  the  cards  according  to  age  at  entry  it  is  necessary  that  they 
should  go  through  the  sorting  machine  twice.  The  cards  are 
sorted  at  the  rate  of  approximately  18,000  per  hour. 

So  far  as  both  these  machines  are  concerned  the  Power's 
system  does  not  differ  materially  from  the  Hollerith. 
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8.  The  distinctive  feature  of  a  Power's  Installation  is  the 
Tabulator-Printer.  The  cards  pass  through  this  machine  at 
the  rate  of  approximately  3,000  per  hour,  and  as  each  card  passes 
through,  the  whole  of  the  information  upon  that  card,  or 
optionally  such  information  as  may  be  required,  is  printed 
simultaneously,  i.e.,  not  one  figure  at  a  time  as  in  the  case  of  a 
type\mter,  but  all  the  figures  at  once.  Moreover,  at  any  desired 
point,  as  for  example  at  the  end  of  a  sub-group,  totals  of  those 
columns  which  it  is  required  to  cast  are  printed  automatically. 

9.  It  is  not  necessary  at  this  point  to  specify  the  many 
different  purposes  for  which  these  cards  are  used  in  providing 
either  general  lists  or  lists  of  certain  specified  types  of  policy. 
It  is  sufficient  to  say,  that  in  addition  to  the  collection  of  valuation 
data  the  cards  serve  many  other  useful  purposes,  of  which  it  is 
only  necessary  to  mention  the  Policy  Register,  printed  in  strict 
policy  number  order,  the  Sums  Assured,  Premiums  and  Number 
of  Policies  being  totalled. 

10.  For  valuation  purposes  the  cards  are  first  sorted  according 
to  the  table  in  the  prospectus  under  which  the  policies  have  been 
issued.  The  cards  for  each  table  are  then  further  sorted, 
either  according  to  the  age  at  entry,  or  in  the  case  of  endowment 
assurances  according  to  the  year  of  maturity. 

Certain  special  tables  require  special  treatment,  but  when 
the  whole  of  the  cards  have  been  grouped  in  accordance  with. 
the  method  of  tabulating  the  valuation  data,  they  are  put  through 
the  Tabulator-Printer  and  listed  and  totalled  in  the  groups. 

11.  In  the  case  of  certain  tables  under  which  a  large  volume 
of  business  is  transacted,  the  groups  are  further  sorted  according 
to  the  amount  of  the  premium.  The  group  is  not  divided  into 
smaller  batches,  this  sorting  merely  affecting  the  order  of  the 
cards. 

As  an  example,  the  whole  of  the  cards  for  each  age  at  entry 
for  whole  life  assurances  are  listed  together,  having  been  arranged 
pre\aously  in  order  of  magnitude  of  premium.  The  total  of 
the  premiums,  the  total  of  the  sums  assured,  and  the  total 
number  of  policies  for  that  age  are  then  printed.  The  hst  itself 
will  be  arranged  so  that  all  the  cases  of  Id.  premium  come  first, 
then  all  the  policies  upon  which  the  premium  is  2d.,  and  so  on, 
but  the  total  is  a  general  total  for  the  whole  of  the  pohcies  for 
the  particular  entry  age. 

When  the  cards  have  been  punched  they  are  checked  against  the 
original  information ;  apart  from  this,  the  first  step  in  checking 
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the  valuation  data  is  to  compare  the  total  sums  assured  with 
the  total  premiums  for  each  group  ;  for  obviously,  except  in 
the  case  of  special  tables,  there  should  be  a  definite  relationship 
between  the  two,  and  errors  are  occasionally  brought  to  light 
in  this  way.  When  there  is  a  discrepancy,  the  fact  that  the 
policies  are  arranged  according  to  magnitude  of  premium 
considerably  simplifies  the  work  of  finding  an  error  which  has 
been  passed  over  previously  either  in  checking  the  punched  card 
against  the  proposal  form  or  in  checking  the  proposal  form 
itself  in  the  first  instance. 

12.  Immediately  the  totals  of  all  the  items  of  data  thus 
prepared  for  valuation  purposes  have  been  obtained,  they  are 
combined  to  give  grand  totals  for  the  period,  and  these  should 
agree  exactly  with  similar  grand  totals  which  are  subsequently 
obtained  in  tabulating  the  Policy  Eegister  sheets.  The  period 
referred  to  here  may  be  one  week,  or  it  might  with  certain 
advantages  be  increased  to,  say,  four  weeks.  It  does  not  appear 
advisable,  however,  to  take  advantage  of  the  extraordinarily 
rapid  working  of  the  machines  to  allow  work  to  accumulate 
for  much  longer  than  this,  because  the  longer  the  period  the 
greater  will  be  the  difficulty  in  the  reconciliation  of  totals,  and 
the  tracing  and  correcting  of  errors. 

A  further  check  upon  the  total  number  of  policies  occurs  in 
connection  with  an  analysis  of  the  whole  of  the  cards  for  the 
period,  divided  simply  according  to  sex  and  age,  in  connection 
with  certain  special  work  which  is  described  below  in  paragraph 
48.  Finally  there  is  an  additional  check  upon  what  is  usually 
considered  to  be  the  chief  disadvantage  of  any  card  system, 
namely,  the  possibility  of  a  card  becoming  totally  lost  and  its 
loss  unsuspected  ;  for  the  printing  of  the  Policy  Eegister  Sheets 
mentioned  above  is  the  last  of  all  the  operations,  and  necessitates 
the  sorting  of  the  cards  into  strict  policy  number  order, 
conclusive  evidence  that  no  card  is  missing. 

13.  In  view  of  the  large  part  which  the  handling  of  masses 
of  figures,  and  the  performing  of  extensive  calculations,  plays 
in  the  practical  apphcation  of  actuarial  science,  it  will  not  be  out 
of  place  at  this  point  to  mention  that  the  use  of  the  Power's 
Installation  for  a  period  of  two  years  has  more  and  more  com- 
pelled one  to  realize  the  possibility  of  human  error.  Inaccuracies 
have  been  found  by  means  of  the  machines  in  work  which  has 
been  doubly  checked,  and  which,  owing  to  hidden  and  neutralizing 
discrepancies,    has    been    "  proved  ''    correct    by   the   ordinary 
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balancing  test  which  would  previously  have  been  considered 
conclusive.  This  is  not  the  place  to  discuss  the  pyschology  of 
human  fallibility,  but  experience  proves  that  errors  are  overlooked 
during  the  checking  process,  especially  when  that  process  is 
identical  with  the  method  of  original  calculation.  This  lends 
added  weight  to  the  importance  of  an  independent  check  such 
as  that  described  below  in  another  comiection  (pars.  25  et  seq.). 

14.  With  regard  to  the  Power's  system  it  is  only  necessary 
to  add  that  the  cards  for  policies  in  force  are  stored  throughout 
the  duration  of  the  policy,  arranged  primarily  in  geographical 
groups,  and  secondarily  in  numerical  order.  By  this  means 
it  is  intended  that  the  cards  themselves,  besides  supplanting  the 
old  style  valuation  cards,  shall  eventually  also  take  the  place 
of  the  office  copies  of  the  Agents'  Policy  Eegisters.  At  any 
moment  the  cards  in  force  for  any  Agency  can  be  put  through 
the  Tabulator- Printer  to  produce  automatically  a  printed  Agent's 
Register. 

15.  On  lapse,  surrender,  death  or  maturity,  the  card  is 
removed  from  the  in-force  files,  and  at  the  end  of  convenient 
periods  such  cards  are  dealt  ^\^th  by  methods  similar  to  those 
described  above  in  connection  with  the  new  business,  to  provide 
withdrawal  figures  for  entry  in  the  valuation  class  books.  Here 
again  adequate  total-checks  supplement  the  ordinary  methods  of 
checking. 

16.  By  the  usual  process  of  continuous  records  the  data  for 
the  Valuation  at  the  end  of  the  year  are  obtained  from 
similar  data  as  at  the  end  of  the  previous  year,  by  the  addition 
of  analysed  figures  for  new  business  and  revivals,  and  the 
subtraction  of  similar  figures  for  claims,  maturities,  lapses  and 
surrenders.  All  these  analyses  are  carried  out  by  means  of  the 
Power's  Installation,  and  the  total  figures  are  obtained  thereby. 
Each  step  in  this  work  is  checked  against  the  parallel  step  in 
dealing,  for  other  office  purposes,  with  the  same  movements  of 
business,  so  that  at  the  end  of  the  year  it  is  beyond  doubt  that 
the  same  modifications  have  been  made  to  the  valuation  records 
as  to  the  other  office  records.  It  would  be  entirely  a  mistaken 
conception  to  regard  the  valuation  records  as  a  thing  apart 
from  the  office  system  of  book-keeping.  On  the  contrary,  it  is 
of  the  greatest  importance  that  the  valuation  data  should  be 
definitely  interlocked  with  the  general  financial  records,  and  indeed 
should  be  regarded  as  a  solid  foundation  for  accurate  hfe  office 
accountancy. 
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Valuation  Schedules. 

17.  Passing  from  the  consideration  of  methods  of  recording 
vakiation  data  in  general,  we  may  now  proceed  to  show  in  detail 
the  arrangements  made  to  carry  out  the  valuation  of  some  of 
the  principal  classes  of  policies.  The  most  important  class 
of  assurance  in  Industrial  Assurance  practice  is  Whole  Life 
Assurance  by  weekly  premiums,  and  it  is  therefore  to  this  class 
that  attention  must  first  be  directed. 

The  tabulation  of  the  valuation  data  according  to 
Mr.  Schoohng's  arrangement  was  primarily  in  calendar  years 
of  entry,  and  within  each  year  of  entry  according  to  ages  at 
entry.  The  variation  which  I  submit  is  to  make  the  primary 
tabulation  according  to  age  at  entry,  and  the  first  subdivision 
that  of  calendar  year  of  entry.  The  type  of  the  valuation 
schedule  is  shown  on  opposite  page. 

18.  The  totals  obtained  from  Schedule  I  are  carried  to 
Schedule  II,  in  the  form  shown  below,  from  which  the  vrhole  of 
the  particulars  required  for  the  Valuation  Returns  to  the  Board 
of  Trade  (Schedule  4)  can  readily  be  obtained. 

The  total  of  column  (2)  gives  the  number  of  policies  in  the 
class  of  assurance,  and  the  totals  of  columns  (6)  and  (7)  give 
the  corresponding  sums  assured  and  net  premiimis.  The  totals 
of  columns  (13)  and  (12)  give  the  values  of  sums  assured  and  net 
premiums  respectively,  and  the  dift'erence  between  these  totals 
gives  the  net  liability.  The  net  liability  is,  however,  worked 
out  at  each  age  at  entry  as  this  provides  a  useful  check  on  the 
work  by  way  of  comparison  with  the  figures  for  previous  years. 

The  ofiice  premiums  and  value  of  office  premiums  are  deduced 
\)j  multiplying  the  totals  of  columns  (3)  and  (9)  in  each  case  by 

the  factor  ^  --240  =  -21741 . 

Facilities  for  Strexgthexixg  Valuation  Basis. 

19.  There  is  one  outstanding  advantage  in  having  Schedule  II 
as  a  summary  of  the  valuations  under  ages  at  entry,  in  contrast 
to  a  summary  of  the  valuation  of  the  business  under  calendar 
years  of  entry.  The  very  rapid  development  of  Industrial 
Assurance  business  combined  ^^ith  the  inevitably  heavy  charges 
involved  in  setting  up  agencies,  has  rendered  it  necessary  in 
most  Industrial  Assurance  valuations  to  make  an  allowance 
in  the  premium  valued  for  new  business  expenses.  This  is 
accompHshed    either    by    calculating    net    premiums    on    the 
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assumption  that  the  whole  of  the  premiums  received  in  the  first 
n  years,  where  n  is  a  small  number,  are  absorbed  in  meeting 
current  claims  and  expenses  ;  or  by  valuing  a  percentage  of 
the  office  premiums.  The  resulting  valuation  is,  in  either  event, 
less  stringent  than  that  on  a  net  premium  basis  bv  the  same 
mortality  table  and  rate  of  interest,  and  in  most  cases  the  actuary 
of  an  Industrial  Assurance  Company  is  faced  with  the  problem 
of  making  the  valuation  as  stringent  as  the  resources  available 
will  allow.  The  history  of  the  valuations  of  all  the  largest 
offices  shows  that  the  actuaries  have  consistently  taken  steps 
to  strengthen  the  bases  upon  which  they  have  estimated  the 
valuation  of  the  liabilities  of  the  offices  they  serve. 

20.  It  is  therefore  important  that  the  method  adopted 
should  provide  a  ready  means  to  enable  the  valuation  to  be 
strengthened  when  the  detailed  calculations  have  reached  an 
advanced  stage,  without  making  it  necessary  to  embark  upon  a 
process  of  recalculating  a  large  portion  of  the  work.  One  of 
the  simplest  processes  available  for  the  purpose  is  that  of  reducing 
the  premium  valued.  Whether  the  premiums  valued  are  a 
percentage  of  the  gross  premiums,  or  are  calculated  bv  the 
exclusion  of  a  number  of  the  early  years  of  assurance,  the  method 
suggested  of  having  the  valuation  data  arranged  primarily 
according  to  age  at  entry  materially  assists  the  process  of  making 
the  alteration. 

21.  The  question  of  negative  values  arises  whenever  the 
premium  valued  does  not  coincide  with  the  net  premium  as  at 
date  of  entry.  These  negative  values  are  confined  to  the  early 
years  of  assurance,  and  it  becomes  necessary  to  investigate 
their  incidence,  for  each  age  at  entry,  by  determining  the  value 
of  t  which  makes 

where  S^;  is  the  sum  assured,  and  P'.,.  the  premium  valued,  in 
respect  of  an  assurance  at  a  weekly  premium  of  Id.  effected  at 
age  X.  The  total  of  the  values  of  the  Premium  Function,  as 
shown  in  Schedule  I,  for  all  durations  of  assurance  less  than  t, 
must  then  be  multiplied  by  the  premium  valued,  and  the  excess 
of  this  product  over  the  corresponding  value  of  the  sum  assured 
is  the  correction  for  negative  values  to  be  carried  to  column  (11) 
of  Schedule  II  for  that  age  at  entrv. 
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Compilation  of  Schedules. 

22.  The  nature  of  tlie  figures  to  be  inserted  in  the  columns  of 
Schedule  I  is  indicated  by  the  headings,  but  a  further  explanation 
may  at  once  be  given  regarding  the  processes  by  which  the 
figures  are  actually  entered.  In  the  first  place  it  should  be 
stated  that  the  years  of  entry  are  printed,  and  that  the  horizontal 
lines  are  printed  with  precision  to  correspond  exactly  with  the 
double  spacing  of  an  ordinary  typewriter.  This  enables  the 
entries  to  be  made  in  columns  (3)  and  (4),  from  the  summary 
sheets  from  which  the  valuation  data  have  been  calculated,  by 
means  of  a  Tabulating- Adding  machine.  Column  (8)  is 
automatically  completed  by  the  machine,  at  the  same  time  as 
the  entries  in  columns  (3)  and  (4)  are  made,  without  special 
mental  effort  on  the  part  of  the  operator.  The  completion  of 
column  (8)  is  further  described  in  paragraph  27  below. 

23.  It  will  be  observed  that  columns  (2)  and  (7)  are  both 
headed  "  Valuation  Age."  Entries  are  made  in  column  (2) 
by  the  Tabulating  machine  on  the  first  and  last  lines  only  for 
which  there  are  data  in  columns  (3)  and  (4). 

Columns  (5)  and  (G)  are  not  entered  by  hand  or  by  the 
machine,  but  gummed-backed  strips  printed  with  the  appropriate 
factors  are  affixed  to  the  Schedules.  These  gummed  strips  are 
printed  with  precision  in  the  matter  of  alignment  so  that  the 
lines  agree  exactly  with  the  lines  on  the  Schedule,  and  it  is 
therefore  possible  to  select  the  exact  portion  of  the  strip  that 
is  required.  The  three  columns  A,  a,  and  Valuation  Age  are 
printed  on  the  strips,  so  that  it  is  only  necessary  to  insert  the 
Valuation  Ages  in  column  (2)  on  the  first  and  last  lines,  as  above 
described,  to  secure  agreement  throughout  the  whole  range  of 
Valuation  factors  for  the  Schedule. 

24.  When  the  entries  in  columns  (2),  (3)  and  (4)  have  been 
checked  and  the  factors  agreed,  the  multipHcations  necessary 
for  the  completion  of  columns  (10)  and  (11)  are  made  on  an 
arithmometer. 

Approximate  Computatiox  of  Product  Totals. 

25.  The  checking  of  columns  (10)  and  (11)  is  made  by  an 
independent  process,  being  an  adaptation  of  the  method  of 
approximate  valuation  submitted  to  the  Institute  by  Mr.  A. 
Henry  {J.I.A.,  vol.  Hi,  p.  48). 

The  theoretical  basis  of  the  method  may  be  described  as 
follows  :     If  wt  be  the  valuation  data  for  Avhich  f{t)   is  the 
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corresponding'  valuation  factor,  then  the  sum  of  the  products 
for  a  range  of  n  terms  is  represented  by 

^:;,/(l)+^t•,/(2)+.  .  .  +  «•„/(»)  ='S'u-,/(0, 

and   assuming  that   for  a  limited   range  of  terms /(fj  ma}'  be 
written  as  approximately  equal  to  a  +  ht,  we  have 

'i"wtf(t)='twi{a  +  bt) 

=  a  2  ttv  +  6  !S  tiOf 

t=i  t=i 

t  =  n  t  =  it 

=  a'Z  Wi+h  2-itv 
t=i  t=i 

t  =  n 

Avhere  2-u'^  is  written  for  if,  +  2iv.2  +  .  .  .  +  ntr„ . 
t=i 

This  is  really  only  another  way  of  expressing  Mr.  Henry's 
formula,  and  it  indicates  that  the  sum  of  a  number  of  products 
may  be  obtained  approximately  by  making  first  and  second 
summations  of  the  valuation  data  and  multiplying  these  sums 
by  appropriate  values  of  the  constants  a  and  h  derived  from 
the  valuation  factors.* 

26.  Mr.  Henry  suggested  that  the  constants  a  and  b  should 
be  derived  from  equations  weighted  to  correspond  in  general 
outline  with  the  valuation  data  to  which  the  approximation  is 
to  be  applied.  While  this  w^eighting  of  the  equations  may  be 
desirable  if  there  can  be  any  certainty  that  the  valuation  data 
will  correspond  to  the  weights  applied  to  the  equations,  my  own 

*  It  was  not  pointed  out  by  Mr.  Henry  that  the  same  formula  could  have 
been  derived  by  assuming  that  the  total  valuation  data  for  the  group  were 
concentrated  at  the  average  age  and  multiplied  by  the  factor  for  that  average 
age  on  the  hypothesis  that  the  factoi-  could  be  represented  by  a  +  by  where  ^^^  is 
the  average  age.  This  proposition  can  be  siiown  symbolically  as  follows  : 
Since  //  is  the  avei'age  age 

2  tic,         'S.hc, 


(t=n    \  t^n 

2«<-v)/0/)=-  2«'i 
t=i    /  i-i 


as  before. 
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experiments  lead  me  to  believe  that  it  is  better,  as  a  general  rule, 
to  obtain  the  constants  a  and  h  from  unweighted  equations, 
and  to  restrict  the  range  of  the  summations. 

27.  It  was  found  that  a  range  of  twenty  terms  is  not  too 
great  wdth  most  valuation  functions  to  give  a  very  close  approxi- 
mation, but  for  several  reasons  it  was  finally  determined  to  fix 
the  range  at  ten  values.  The  reasons  were  (1)  that  as  the 
method  was  intended  primarily  as  a  check  on  the  sum  of 
individual  products  it  was  desirable  to  restrict  the  range  in 
order  to  be  able  to  localize  any  error  that  might  have  been 
made,  (2)  that  the  shorter  the  range  the  closer  must  be  the 
degree  of  approximation,  (3)  that  the  terminal  values  not  covered 
by  the  summations  were  reduced,  and  (4)  that  the  valuation 
data  had,  in  the  particular  example  to  which  it  was  being  applied, 
to  be  separated  into  groups  according  to  years  of  entry  on  account 
of  a  change  in  the  scale  of  the  sums  assured,  and  it  happened 
that  one  of  these  groups  consisted  of  a  period  of  ten  years, 
namely,  1907  to  1916  inclusive. 

Since  for  each  age  at  entry  the  valuation  data  are  more 
numerous  at  the  later  years  of  entry,  the  summations  in  column 
(8)  of  Schedule  I  were  arranged  in  groups  of  ten  values  in  such 
a  manner  as  to  make  it  possible  to  obtain  values  of  S''^(4)  at 
the  years  of  entry  1866,  1876,  .  .  .  1916. 

28.  As  a  matter  of  detail,  but  possibly  of  some  interest  as 
indicating  the  value  of  modern  mechanical  methods,  it  may  be 
stated  that  as  the  entries  were  made  in  columns  (2),  (3)  and  (4) 
of  Schedule  I  on  the  Tabulating- Adding  machine,  a  carbon  copy 
was  taken  on  a  headed  schedule,  and  it  was  on  this  carbon  copy 
that  the  second  summation  in  column  (9)  was  made.  The 
advantage  of  this  process  was  that  the  calculation  of  the  check 
values  could  be  kept  absolutely  independent  of  the  detailed 
calculations,  and  further  that  the  work  could  proceed 
simultaneously. 

29.  The  calculation  of  the  check  values  demands  two 
multiplications  and  an  addition  (in  some  cases  a  subtraction)  of 
the  products.  With  the  aid  of  an  arithmometer  it  is  unnecessary 
to  write  down  the  values  of  the  products,  the  operation  being 
carried  out  by  making  the  product  a!L  and^  without  clearing 
the  product  off  the  machine,  adding  thereto  or  subtracting 
therefrom  the  product  hS'. 

Calculation  of  Constants. 

30.  As  the  summations  are  arranged  in  groups  of  ten  years 
of  entry  for  each  age  at  entry,  it  follows  that  the  valuation 
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constants  a  and  h  are  required  for  each  age  at  which  there  are 
data  for  valuation,  from  the  youngest  up  to  ten  years  before  the 
oldest  age.  Separate  constants  are  required  for  Assurance  and 
Annuity  factors,  but  the  method  of  calculation  is  identical  for 
both  types  of  factor,  and  it  will  be  sufficient  indication  of  the 
method  if- the  application  to  the  Assurance  factors  is  described. 
The  ec|uations  are  derived  as  follows  : 

t  =  10  ^  =  10 

V  {a  +  ht)=  S/(0  =  M,  say (1) 

t=\  t=\ 

«  =  10  t  =  \Q 

t\a  +  U)=  Sy(0=N,  say (2) 

(=1  t=i 

rrom(l)  10a  +  55&  =  M (3) 

„      (2)  55a  +  385&  =  N (4) 

„     (3)  a  +  o-oh  =  -ni (5) 

„      (4)  a+7-06  =  -O]8N (6) 

(6)- (5)  l-56  =  -0i8N--lM 

&  =  -06{-i8N-M} 

and  a  =  '0i8N-7& 

31.  The  Tabulating*- Adding*  machine  was  operated  with 
successive  values  of  A^.,  thus  obtaining  the  values  of  SA^;- 
The  values  of  SA^,  were  then  retyped  on  prepared  Schedules, 
and  the  column  S^A^.  was  obtained  automatically.  In  both 
cases  the  summations  were  made  continuously  from  the  oldest 
age  to  the  youngest  age,  and  it  became  necessary  to  transform 
the  continuous  summations  into  those  applicable  to  successive 
ten  year  groups.     The  formulae  are  as  follows  : 

J  =  10  t  =  Ui  1  =  01 

tfit)=^f{t)-tf{t) 
t=i  t=i  t=u 

t  =  10  t  =  lo  t  =  U>  t  =  M 

and  Sf{t)=  fi{t)  -  lim  -  10  X  ^/(O 

t-l  t  =  l  t  =  ll  «  =  u 

32.  From  the  equations  of  paragraph  30  in  conjunction 
with  those  of  paragraph  31,  it  was  a  simple  matter  to  calculate 
the  constants  by  a  columnar  process.  The  heads  of  the  working 
Schedule  are  given  below,  and  sample  entries  have  been  made 
to  show  exactly  the  procedure  adopted. 
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33.  The  figures,  though  based  upon  an  actual  example,  have 
for  the  purpose  of  illustration  been  cut  down.  In  practice  it 
is  desirable  to  obtain  values  of  a  and  b  correct  to  four  or 
five  significant  digits  and  the  working  figures  must  be  arranged 
accordingly. 

It  will  be  observed  that  the  working  can  readily  be  checked 
by  the  summation  of  the  successive  columns,  and  the  check  so 
applied  together  with  the  inspection  of  the  differences  of  the 
resulting  constants  was  found  to  be  sufficient  to  ensure  accuracy. 

34.  The  constants  a  and  b  were  copied  from  the  working 
Schedule  on  strips  with  the  same  afignment  as  Schedule  I,  so 
that  by  the  use  of  these  strips  the  appropriate  values  should  at 
once  appear  agaiust  the  corresponding  values  of  —(4)  and  ^-(4) 
for  all  valuation  ages  under  each  age  at  entry.  By  this  means 
also  the  constants  were  rendered  available  for  use  in  future 
years  without  additional  work  in  copying. 

Comparison  of  Results  of  Approximate 
AND  Detailed  Methods. 

35.  The  closeness  of  the  approximation  is  shown  by  the 
following  statement  of  the  results  derived  from  a  valuation 
recently  completed,  in  which  the  valuation  factors  were 
continuous  functions  based  upon  Enghsh  Life  Table  No.  6 
(Males)  with  interest  at  3|  per-cent,  and  in  which  the  annuity 
factors  were  temporary  annuities  terminating  at  age  75  or  as 
soon  thereafter  as  the  policies  had  been  25  years  in  force. 


Comparison  of  Bcsulfs  derived  from  {a)  Detailed  Multtpl  leaf  ions  ; 
{h)  Approximate  Method. 


Class 

of 

Assurance 

Snii  Assured  Funxtion 

Premium  Function 

Difference 

(a)-ib) 

[ 

Difference 
(i)-(a) 

Wl.ole  Life 
Single  Livos 
Joint  Lives 

1 

1,471,9R0      1,4-71, 9-19 
23,507           23,506 

U 
1 

23,472,80-4     23,474,666 
326,743           326,723 

1,862 
-20 

36.  In  the  AVhole  Life  class  on  Single  Lives  the  terminal 
values,  to  which  the  approximate  method  could  not  be  applied, 
were  less  than  1  per-cent  in  the  case  of  the  Sum  Assured  Function, 
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and  less  than  2  per-cent  for  the  Premium  Function.  In  the 
Joint  Life  class,  owing  to  the  data  being  smaller  and  less  evenly 
spread,  the  terminal  values  to  which  the  group  method  could 
not  be  applied  were  rather  larger,  but  even  here  the  proportion 
not  covered  of  the  Sum  Assured  Function  was  only  5'5  per-cent, 
and  of  the  Premium  Function  2 '6  per-cent,  of  the  respective 
total  values. 

37.  The  closeness  of  the  approximation  is  the  more  remarkable 
in  the  case  of  the  Premium  Function  because  in  the  final  groups, 
where  the  number  of  years'  premiums  payable  is  less  than  15, 
it  is  clearly  a  wide  assumption  to  represent  dt.jzj  as  a 
function  of  the  first  degree.  In  point  of  fact  the  assumption 
leads  to  a  systematic  error  which  could  be  corrected,  if 
thought  to  be  necessary,  the  approximate  values  always  being 
more  than  the  true.  The  divergence  in  these  particular 
groups  in  the  Whole  Life  class  led  to  an  overstatement  of 
the  Premium  Function  by  2,846,  so  that  if  a  correction  had 
been  applied  the  difference  of  1,862  shown  in  the  Table  in  para.  35 
above  would  have  been  more  than  counterbalanced,  and  the 
resulting  net  liability  by  the  approximate  method  would  have 
shown  a  very  small  margin  on  the  side  of  safety. 

38.  The  difference  in  the  total  values  being  so  small,  it  might 
be  thought  that  the  result  was  purely  fortuitous,  depending 
upon  a  certain  balancing  of  errors.  Admittedly  some  balancing 
of  this  character  is  revealed  upon  comparing  the  sub-groups, 
but  as  showing  the  closeness  of  the  approximation  it  may  be 
stated  that  a  divergence  between  the  individual  and  approximate 
values  for  any  sub-group  of  more  than  1  per  thousand  of  the  value 
was  always  taken  as  indicating  that  an  investigation  should  be 
made  to  ascertain  whether  the  divergence  was  due  to  an  error. 

The  comparison  of  the  totals  of  the  Sum  Assured  Function 
and  Premium  Function  for  the  whole  of  the  business  does  not 
indicate  the  effect  upon  the  net  liability,  because  the  differences 
in  the  values  for  each  age  at  entry  have  to  be  multiplied  by  the 
appropriate  sums  assured  and  net  premiums.  Thus  while  in 
the  Table  in  paragraph  35  above,  the  Sum  Assured  Function 
derived  by  the  detailed  multiplications  is  greater  by  11  than  the 
corresponding  total  by  the  approximate  method,  the  difEerence 
between  the  values  of  the  Sum  Assured  is  12 "3,  the  approximate 
values  being  greater  by  this  amount  than  the  individual  values. 
In  total  the  valuation  net  liability  would  have  been  under- 
estimated by  the  approximate  method  by  the  sum  of  £329  on  a 
total  net  liability  exceeding  £1,400,000. 
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39.  .Vs  further  evidence  that  this  remarkable  agreement  is 
not  due  to  chance,  it  may  be  mentioned  that  the  approximate 
method  has  also  been  applied,  though  not  so  completely,  to  a 
valuation  based  on  O-^"^^^^  Mortality  at  3  per-cent  interest  with 
similar  results. 

Advantages  of  Approximate  Method. 

40.  The  advantages  claimed  for  the  approximate  method  of 
checking  the  valuation  are  (1)  its  complete  independence  of  the 
detailed  individual  multiplications,  and  (2)  the  rapidity  with 
which  the  work  can  be  carried  out. 

41.  The  independence  of  the  method  is  a  material  gain, 
because  the  operation  of  checking  work  that  has  already  been 
done,  on  precisely  the  same  lines  as  the  calculations  were  originally 
made,  is  frequently  the  cause  of  error,  owing  to  the  liability  of 
the  checker  to  make  the  same  mistake  as  the  original  calculator, 
or  to  overlook  the  mistake  by  accident  in  comparing  results. 

This  point  is  not,  of  course,  a  new  one,  but  reference  to  it  is 
made  here  because  experience  of  the  new  methods  has  proved 
there  is  a  real  danger  that  a  computer  may  be  predisposed 
towards  a  figure  which  he  sees  written  on  a  paper  before  him, 
and  which  is  supposed  to  represent  the  result  of  the  calculation 
he  is  performing.  This  inevitably  leads  to  a  certain  number 
of  mistakes  being  overlooked  when  a  very  large  number  of 
calculations  are  being  checked. 

42.  With  regard  to  the  rapidity  of  the  process,  it  was  found 
that  the  entry  of  the  particulars  in  columns  (2)  and  (3)  of 
Schedule  I  was  accomplished  on  the  Tabulating-Adding 
machine  in  far  less  time  than  that  occupied  formerly  in  making 
entries  by  hand,  in  spite  of  the  fact  that  the  continuous  totals 
in  column  (8)  were  being  obtained  at  the  same  time.  The  fact 
of  the  figures  being  in  typewritten  characters  and  not  in  writing, 
also  facilitated  subsequent  operations,  and  eliminated  the  possible 
source  of  error  which  is  found  in  the  bad  formation  of  figures 
by  hand. 

By  summing-  the  values  of  S(4),  at  the  points  where  S^(4) 
was  to  be  taken,  a  check  by  an  independent  process  on  the 
casting  of  column  (4)  was  provided,  the  operation  being  more 
rapid  than  that  of  direct  checking. 

43.  Up  to  this  point  the  approximate  method  entails  no 
special  mental  efiort,  and  has  in  fact  resulted  in  a  saving  of 
time.     The  calculation  of  S'-^(4}  is  made  solely  for  the  purpose 
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of  the  check  valuation,  but  as  a  non-listing  adding  machine  was 
used,  this  part  of  the  process  was  exceedingly  rapid.  The 
same  values  of  S(4)  and  2)-(4)  are  used  both  in  obtaining  the 
Sum  Assured  Function  and  the  Premium  Function,  and  conse- 
quently the  operation  of  checking  the  sum  of  twenty  products 
is  accomplished  by  the  approximate  method  by  the  simple 
process  of  making  the  one  summation  of  ^'■^(4)  and  4  products, 
the  results  of  which  are  only  recorded  in  two  items,  being  in 
each  case  the  sum  of,  or  difference  between,  the  products 
al{4)   and  ht^'i'i-). 

It  has  already  been  explained  that  there  were  special  reasons 
for  the  selection  of  10  terms  as  the  range  of  the  summation,  but 
experimental  calculations  indicate  that  a  considerably  longer 
range  could  have  been  employed  with  almost  equal  accuracy 
and  as  the  operation  is  identical  in  form,  no  matter  what  the 
range  may  be,  it  follows  that  the  longer  the  range  the  greater 
is  the  saving  of  time  and  labour  as  compared  with  the  checking 
of  individual  products. 

44.  The  suggested  method  has  other  advantages,  because  it 
is  possible  that  it  might  be  desired  to  estimate  the  efiect  of  a 
change  in  the  basis  of  valuation,  either  by  the  alteration  of  the 
mortality  table  or  the  rate  of  interest  or  both.  The  facility  with 
which  the  work  can  be  done  by  the  approximate  method  would, 
in  these  circumstances,  be  of  great  value. 

45.  In  the  method  so  far  described  it  has  been  assumed  that 
the  sum  assured  remains  constant  from  the  outset  of  a  poUcy 
for  the  whole  of  its  duration.  It  happens,  however,  that  it  is 
the  practice  of  a  number  of  Industrial  Assurance  Companies  to 
grant  poHcies  under  which  the  sum  assured  is  increased  after  a 
number  of  years  has  elapsed,  as  for  example  after  5  years,  and 
a,gain  after  10  years.  This  feature  of  the  business  has  to  be 
taken  into  account  in  the  valuation,  but  it  does  not  disturb  the 
underlying  principles  outhned  above,  and  effect  can  readily  be 
given  thereto  by  appropriate  modification  of  the  factors  for  the 
valuation  of  the  sum  assured.  The  only  point  which  appears 
to  call  for  comment  in  this  connection  is  that,  if  the  approximate 
method  is  appUed,  it  will  be  necessary  to  calculate  the  constants 
separately  for  each  age  at  entry,  since  the  valuation  factors  will 
not  depend  solely  on  the  valuation  age.  It  may,  in  fact,  be  the 
better  course  to  dispense  with  the  Sum  Assured  Fimction,  and 
to  use  factors  which  involve  the  sum  assured  per  penny  premium, 
so  that  the  value  of  the  sum  assured  is  given  directly,  upon 
multiphcation  by  the  number  of  pennyworths  of  assurance. 
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Expected  and  Actual  Claims, 

46.  There  is  a  further  use  of  the  method  which  is  thought 
to  be  worthy  of  mention.  It  seems  hardly  Hkely,  on  account  of 
the  work  involved,  that  a  comparison  of  expected  claims 
with  actual  claims  would  be  feasible  if  made  by  detailed 
individual  products  for  each  year  of  entry  under  each  age  at 
entry  ;  but  it  is  more  than  possible  that  selection  is  operative 
in  Industrial  Assurance,  although  not  perhaps  in  the  same  way 
as  it  is  in  Ordinary  Assurance,  and  it  is  therefore  desirable  to  be 
able  to  calculate  the  expected  claims,  and  to  compare  them  with 
the  actual  for  the  business  arising  under  each  age  at  entry, 
giving  due  effect  to  the  duration  of  assurance. 

By  using  the  values  o£S(4)  and  S-(4)  already  calculated  for 
the  valuation,  a  comparison  can  readily  be  made  between  the 
number  of  weekly  pennyworths  of  assurance  that  were  expected 
to,  and  the  number  which  did  actually,  become  claims  during 
the  year. 

In  point  of  fact  Schedule  I  is  printed  with  additional  columns, 
not  shown  in  the  draft  in  paragraph  16,  to  allow  for  the  calculation 
of  the  expected  claims  without  necessitating  the  recopying  of 
the  values  of  l^(-l-)  and  S-(4). 

47.  If  the  valuation  ages  are  integral,  the  number  of  Id. 
premiums  in  force  at  valuation  age  y  under  age  at  entry  x,  on 
any  valuation  date  may  be  considered  as  being  of  the  form  of 
Vy,  and  the  number  of  Id.  premiums  in  force  under  the  same 
age  at  entry  on  the  next  following  annual  valuation  at  age  y  +  1, 
being  the  survivors  of  the  l\j  cases,  may  be  considered  analogous 
to  I' jj+i .  Tlie  expected  pennyworths  of  claim  can  therefore  be 
obtained  with  very  close  approximation  to  accuracy  from  the 
expression  ^{l',ifi„  +  l'y+\fi,f  +  i),  aud  it  follows  that  the  expected 
pennyworths  of  claim  for  a  group  can  be  calculated  by 
multiplying  —(4)  and  S^(4)  by  appropriate  values  of  the 
constants  a  and  h  respectively  derived  from  the  function  fi^ 
according  to  the  mortality  table  which  it  is  desired  to  employ. 

It  is  necessary  to  calculate  the  mean  of  the  products  derived 
from  the  valuation  data  for  two  successive  years  in  order  to 
obtain  the  figure  desired.  The  actual  number  of  pennyworths 
of  claim,  with  which  the  expected  are  to  be  compared,  are 
necessarily  recorded  in  the  valuation  class  books. 

If,  as  may  sometimes  happen,  the  valuation  ages  are  really 
of  the  form  {x+^),  the  expected  claims  can  be  calculated  by 
taking  the  mean  of  the  values  2(4)  and  S-(4)at  two  successive 
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valuations^  and  by  multiplying  the  mean  value  by  appropriate 
values  of  constants  a  and  h  derived  from  the  fjux  table  at 
integral  ages. 

•48.  A  further  extension  of  the  comparison  of  expected  deaths 
and  actual  deaths  is  possible  by  making  use  of  Power's  machines 
to  provide  figures  for  the  number  of  policies  under  which  lives 
are  at  risk  at  each  age  in  certain  geographical  groups.  It  has 
been  mentioned  abeady  that  the  filed  Power's  cards  for  business 
in  force  are  grouped  primarily  according  to  geographical  areas, 
and  in  adding  to,  or  taking  from,  these  groups  of  cards,  the 
movements  for  each  group  are  analysed  both  according  to  sex 
and  age,  thus  providing  the  means  for  a  continuous  record  of 
the  iiumbers  exposed  to  risk.  The  cards  removed  in  respect 
of  policies  which  become  claims  through  death  are  similarly 
analysed.  The  approximate  method,  described  in  the  two 
preceding  paragraphs,  is  then  available  for  the  calculation  of  the 
expected  deaths  for  each  geographical  group,  and  the  comparison 
with  the  actual  deaths  in  that  area  forms  an  additional 
actuarial  contribution  to  the  "  intelligence  "  side  of  the  Life 
Office.  The  advantage  for  this  purpose  of  using  a  range  of  no 
more  than  ten  ages  in  the  application  of  the  approximate  method 
to  the  calculation  of  expected  deaths  is  self  evident. 

Possible  Developments. 

49.  It  will  be  seen  that  the  advantages  secured  by  the  adoption 
of  mechanical  methods  for  the  tabulation  of  the  valuation  data 
are  very  great.  In  addition  to  the  important  considerations 
of  time  saving  and  accuracy,  the  use  of  such  methods  provides 
facilities  for  the  investigation  of  statistical  matters  relating  to 
the  business  generally. 

50.  The  possibilities  of  the  approximate  method  of  valuation 
are  so  great  that  it  would  not  surprise  me  if  it  should  come  into 
general  use  in  the  near  future,  not  only  for  Industrial  Assurance 
Valuations  but  also  for  Ordinary  Assurance  Valuations.  It 
would  not  surprise  me,  indeed,  if  it  should  become  the  principal 
method  by  which  the  valuations  are  actually  made,  and  not 
be  used  merely  for  purposes  of  checldng.  Further  experiment 
and  trial  will,  however,  be  necessary. 

JoiXT  Life  Assuraxces. 

51.  In  his  paper  already  referred  to  Mr.  Schooling  dealt  with 
the  valuation  of  Joint  Life  Assurances.     He  discussed  various 
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methods  of  grouping  these  for  valuation,  and  recommended  that 
they  should  be  grouped  according  to  two  equal  ages  at  entry 
determined  roughly  on  the  basis  of  Makeham"s  formula,  a  process 
which  in  all  the  circumstances  he  considered  to  be  justifiable. 
It  is  interesting  to  note  that  since  that  paper  was  submitted,  it 
has  become  the  practice  of  a  number  of  Industrial  Offices  to 
quote  the  sums  assured  for  equal  ages  at  entry  only,  and  to 
supply  a  table  in  their  prospectuses  whereby  the  equal  ages 
equivalent  to  two  unequal  ages  are  to  be  calculated.  In  this 
way  the  actual  sum  assured  depends  upon  the  assumed  equal 
ages  at  entry,  and  the  method  suggested  by  Mr.  Schooling  has 
become  even  more  appropriate  than  when  it  was  apphed  to  sums 
assured  which  were  quoted  for  unecjual  ages  at  entry.  An 
advantage  derived  from  this  method  of  quoting  in  the 
prospectuses  is  that  it  becomes  unnecessary  to  tabulate  the  sums 
assured  in  the  class  books  in  order  to  arrive  at  the  valuation 
data,  since  all  the  information  recjuired  is  available  by  the  tabu- 
lation of  the  number  of  policies  and  the  nimiber  of  weekly  penny 
premiums.  Apart  from  this  special  feature,  the  valuation  of 
Joint  Life  Assurances  does  not  present  problems  differing 
materially  from  those  which  have  been  dealt  with  under  Whole 
Life  Assurances. 

EifDOWMENT  Assurances. 

52.  Endowment  Assurances  are  a  much  smaller  class  in  the 
general  practice  of  Industrial  Assurance  business  than  "Whole 
Life  Assurances,  but  they  are  nevertheless  sufficiently  numerous 
to  demand  special  attention  in  the  consideration  of  the  most 
appropriate  means  for  their  valuation. 

53.  A  method  of  grouping  which  has  been  used  is  that  of 
arranging  the  poHcies  under  calendar  years  of  maturity,  sub- 
grouped  according  to  years  of  entry.  The  data  tabulated  are 
(1)  number  of  poHcies,  (2)  sum  assured,  (3)  number  of  one  penny 
weekly  premimns,  and  (4)  until  recently,  Z.  It  is  necessary  to 
tabulate  the  sums  assured  as  well  as  the  number  of  weekly 
premiimis,  because  although  the  double  tabulation  according  to 
year  of  maturity  sub-grouped  in  years  of  entry  gives  by  implication 
the  original  endowment  term,  efEect  cannot  be  given  to  the 
variation  of  the  sum  assured  with  the  age  at  entry,  for  that 
particular  term,  by  the  mere  tabulation  of  the  premiums. 

The  value  of  Z  employed  was  not  based,  as  is  usual  in  Ordinary 
Assurance,  upon  the  sum  assured  but  upon  the  premiums. 
This  was  purely  for  the  sake  of  simplicity,  it  being  easier  to 
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calculate  the  value  of  Z,  appropriate  to  a  particular  policy,  by 
multiplying  the  value  in  the  prepared  table  by  the  number  of 
pennies  in  the  premium,  than  it  would  have  been  to  multiply 
by  the  sum  assured  which,  expressed  in  pounds,  would  frequently 
involve  two  places  of  decimals  as  well  as  whole  numbers.  The 
process  of  finding  the  average  maturity  age  was  therefore  to 
divide  SZ  by  S  (nnuiber  of  Id.  premiums). 

54.  It  will  be  observed  that  net  premiums  are  not  tabulated, 
in  spite  of  the  differences  due  to  variation  in  age.  Assuming 
that  net  premiums  are  valued,  as  contrasted  with  a  proportion 
of  the  Office  Premiums,  the  variation  with  the  age  is  much  less 
than  that  in  the  sum  assured  for  any  given  endowment  term, 
because  while  the  sum  assured  decreases  with  the  increase  of 
age,  the  net  premium  per  unit  of  sum  assured  increases,  and  in 
consequence  the  net  premium  per  one  penny  weeldy  premium 
tends  towards  constancy  for  each  endowment  term.  It  was 
found  in  these  circumstances  as  the  result  of  experiment,  with 
0^1(5)  ]\iortality  and  3  per-cent  interest,  that  an  exceedingly 
close  approximation  to  accuracy  was  obtained  by  making  use 
of  the  average  maturity  age  for  the  double  purpose  of  fixing  the 
average  age  at  entry,  by  deducting  therefrom  the  original 
endowment  term,  and  of  obtaining  the  valuation  age  by  deducting 
the  term  to  run. 

55.  A  careful  scrutiny  of  the  average  maturity  ages,  as 
calculated  by  the  Z  method,  at  five  successive  annual  valuations 
showed  that,  with  the  volume  of  business  transacted,  there  is  so 
close  an  agreement  from  year  to  year  towards  a  regular  pro- 
gression as  to  render  it  unnecessary  for  the  calculations  to  be  made 
every  year.  The  particular  data  showed  a  systematic  increase 
of  the  maturity  age  with  the  length  of  the  unexpired  term. 
Keeping  the  terms  to  run  constant  the  maturity  ages  in  successive 
valuation  years  almost  exactly  coincided.  It  has  therefore 
become  possible,  especially  in  view  of  a  change  of  mortaUty 
basis  used  in  the  valuation  from  0-^^^^  to  Enghsh  Life  No.  6 
(Males),  for  which  it  is  clear  that  0-^^^''^  values  of  Z  are  not 
strictly  appropriate,  to  go  one  step  further  and  assume  that 
the  maturity  ages  will  correspond  to  the  following  plan  for 
several  years  to  come,  namely  : 

Number  of  years  to  run.  Maturity  Age. 

lto24  55 

25  to  40  60 

41  and  upwards   ...         ...         ...  65 
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Sample  statistics  will  be  taken  at  intervals  to  test  the 
continued  accuracy  of  the  assumption,  but  in  the  meantime  it 
becomes  unnecessary  to  tabulate  Z. 

Concluding  Remaeks. 

56.  There  are  many  other  tj-pes  of  Industrial  Assurance 
policies,  such,  for  instance,  as  old  age  endowments,  policies 
securing  guaranteed  bonuses,  and  others  which  introduce  special 
problems  in  the  valuation,  and  necessitate  the  preparation  of 
elaborate  valuation  factors.  The  systems  already  mentioned 
are  adhered  to  as  far  as  possible  even  for  these  special  classes, 
the  aim  being  to  reduce  the  figures  to  be  tabulated  per  policy, 
though  by  so  doing  it  may  be  necessary  in  some  instances  to 
increase  the  number  of  sub-groups.  The  problems  presented  by 
these  special  classes  are  in  all  the  circumstances  not  thought  to 
be  of  sufficient  general  interest  to  warrant  attention  at  the  end 
of  a  paper  already  of  considerable  length. 

57.  I  would  only  wish  to  add  in  conclusion  an  expression  of 
my  indebtedness  to  my  Assistant,  Captain  E.  W.  Phillips,  O.B.E., 
F.I.A.,  for  the  help  he  has  ungrudgingly  rendered  in  the  prepara- 
tion of  this  paper,  and  particularly  in  the  description  given  of 
the  use  of  the  Power's  Machines.  His  technical  knowledge  of 
the  intricate  mechanism  of  these  machines  has  been  of  the 
greatest  possible  service  in  their  application  to  Industrial 
Assurance  purposes,  and  I  consider  myself  fortunate  in  having 
had  his  assistance  in  submitting  the  use  of  the  machines  to  the 
Institute. 


Abstract  of  the  Discussion. 

Mr.  1L  LEVEY  said  that  the  paper  dealt  almost  entirely  with 
methods  rather  than  principles,  but  in  paragraph  19  the  author 
stated  that  "  in  most  cases  the  actuary  of  an  industrial  company  is 
"  faced  with  the  problem  of  making  the  valuation  as  stringent  as 
"  the  resources  available  will  allow."  To  many  that  would  seem 
a  negation  of  the  functions  of  a  valuation.  By  general  acceptation 
a  valuation  should  be  made  on  bases  predetermined  to  be  a  proper 
standard  by  which  to  measure  the  liabilities  of  the  company  under 
its  assurance  contracts,  and  the  results  should  not  be  lightly 
varied  because  they  did  not  compare  favourably  with  the  assets. 
Piesumably  the  author  did  not  mean  that  the  resources  available 
should  always  determine  the  stringency  or  otherwise  of  the  valuation, 
but  rather  that  there  were  factors  affecting  industrial  assurance 
Avhich  made  it  impossible  to  adopt  in  every  case  the  time-honoured 
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l^rinciples  of  xaluation  appliealjle  to  ordinary  assurance.  In  early 
days — and  also  subsequently,  when  new  business  increased  so 
rapidly  as  to  upset  the  ratio  that  previously  existed  between  new 
aud  old  business — the  question  of  a  proper  allowance  for  initial 
expenses  exercised  the  minds  even  of  actuaries  to  ordinary  life 
offices.  This  question,  together  with  other  factors,  still  concerned 
actuaries  to  industrial  companies,  and  necessarily  left  more  to  their 
discretion.  Each  had  to  decide  for  himself  the  point  beyoml  which 
his  A'aluation  l)asis  must  not  l)e  modified.  To  declare  an  office 
insolvent  because  it  failed  to  conform  to  some  arbitrary  standard  of 
valuation  which  did  not  take  into  account  the  peculiar  circumstances 
of  that  office  would  pi-oba1ily  result  in  unnecessary  hardship  to  a 
large  lumiljer  of  people  Avhose  claims  would  lie  met  in  full  if  a 
somewhat  less  stringent  basis  of  valuation  were  permitted.  On  the 
other  hand,  he  thought  that  it  was  not  only  achisable  but  essential 
for  the  future  welfare  of  the  business  that  every  effort  should  be 
made  by  all  industrial  offices  to  strengthen  their  reserves.  Whilst 
it  was  impossible  for  all  to  hope  to  attain  to  the  same  standard  at 
once,  to  have  some  such  standard  in  view  and  to  endeaxour  to  reach 
it  in  the  course  of  a  few  years  must  be  to  tlie  advantage  of  all 
concerned. 

It  was  evident  that  in  the  Power's  installation  they  had  a 
powerful  instrument  for  dealing  Avith  the  immense  Aolume  of  data 
involved  not  only  in  the  valuations  of  industrial  assurance  offices  but 
also  in  the  valuations  of  large  ordinary  offices  and  pension  funds 
and  in  mortality  investigations.  In  addition  to  the  saving  of  labour 
there  was  a  great  saving  of  time,  and  a  gain  in  accuracy. 

In  the  application  of  Mr.  Schooling's  method  of  valuation — in 
which  the  classification  Avas  primarily  according  to  year  of  assurance 
— cards  were  prepared  giving  the  usual  premium  factor,  the  present 
value  of  the  sum  assured  by  a  weekly  premium  of  one  penny,  the 
net  annual  premium  for  the  sum  assured  by  a  weekly  premium  of 
one  penny,  and  the  net  liability  for  a  penny  policy.  Those  cards 
once  prepared  were  available  for  use  so  long  as  the  valuation  basis 
remained  the  same.  Mr.  Kenchington,  classifying  according  to  age 
at  entry,  employed  two  schedules  entailing  the  completion  of 
twenty-five  cohuiins  in  all  and  involving  several  nuiltiplications  and 
summations,  and,  regarded  simply  as  a  method  for  making  a 
valuation  where  no  change  in  the  premium  valued  was  necessary, 
that  method  might  be  the  longer.  The  relative  merits  of  the  two 
methods  could,  however,  only  be  properly  gauged  by  considering  the 
respective  circumstances  in  which  they  were  intended  to  be  used. 
Classification  according  to  year  of  assurance  and  the  use  of  prepared 
factor  cards  as  outlined  were,  he  thought,  the  better  method  when, 
as  in  the  case  with  which  Mr.  Schooling  was  dealing,  a  stable  net 
premium  basis  was  in  use.  Mr.  Ivenchington's  method  was  designed 
to  meet  the  sjiecial  circumstances  of  a  gross  premium  valuation  in 
which  it  might  be  desired  to  Aary  the  premium  valued  during  the 
actual  process  of  valuation,  and  it  had  the  necessary  elasticity  to 
meet  such  Aariations  Avithout  great  additional  labour,  although  if 
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the  interest  aud/or  mortality  basis  of  the  valuation  Avere  altered  he 
did  not  think  it  had  much  advantaste.  For  the  jmrpose  of  an 
approximate  check  by  Mr.  King's  method,  the  classification  by  year 
•of  entry  was  obviously  the  better,  since  the  first  and  second 
summations  of  the  number  of  penny  ])reminms  for  a  grouj)  could  at 
once  be  used  as  factors  with  which  to  multiply  the  a  and  h  constants. 
The  results  for  a  whole  group  could  then  be  summed,  and  finally  the 
required  liability  obtained  by  multiplying  the  respective  totals  for 
sums  assured  and  premiums  by  the  sum  assured  and  net  premium 
for  the  particular  age  at  entry,  as  those  wei-e  constant  for  that 
group.  Under  the  method  of  classification  Ity  years  of  assurance, 
the  sum  assured  and  net  premiums  varied  in  the  group  and  the 
approximation  could  not  be  obtained  with  the  same  facility.  A 
re-classification  of  the  data  according  to  age  at  entry  could,  however, 
readily  be  made  by  means  of  the  Power's  installation. 

There  could  be  no  doubt  as  to  the  usefulness  of  the  ai)proximate 
method  for  cheeking  purposes,  and  still  more  for  maldng  valuations 
on  difterent  bases  for  trial  purposes.  The  result  aimed  at  in  the 
latter  case  was  the  aggregate  difference  I'esulting  from  the  change, 
and  any  error  introduced  by  the  approximation  ^^'a3  j^ractically 
eliminated  by  difterencing.  He  was,  however,  doubtful  whether,  as 
the  author  seemed  to  think,  such  approximate  methods  would  ever 
1)6  generally  adopted  as  standard  methods  of  valuation.  If  so,  they 
would  either  have  to  rely  on  a  check  by  means  of  a  second  operator 
doing  the  same  work — a  process  on  which  the  author  did  not  seem 
to  place  much  reliance — or  to  check  one  approximate  method  by 
another.  In  such  circumstances  some  future  actuary  might  perhaps 
re-discover  exact  methods  in  order  satisfactorily  to  check  his 
approximation. 

Mr.  C.  F.  peters  remarked  that  his  company  had  had  to  deal 
^vith  the  problem  of  a  rapid  valuation  of  whole-life  weekly  premium 
assurances.  Owing  to  the  war  and  to  the  depletion  of  the  staff,  it 
had  been  necessary  to  abandon  a  continuous  record  and  to  start 
afresh  with  between  five  million  and  six  million  assurances. 
Obviously  the  work  could  not  be  done  without  mechanical  aid,  and 
the  Power's  machine  was  adopted  as  the  best  for  the  ymrpose.  The 
(tbject  in  view  was  to  get  through  the  valuation  very  quicklj'^,  without 
regard  to  anything  else.  The  data  were  classified  in  the  way- 
described  by  Mr.  .Schooling,  in  years  of  entry,  for  each  year  of  entry 
and  age  at  entry.  The  individual  cards  were  then  abandoned 
entirely  and  a  system  of  summary  cards  adopted.  The  reason  for 
abandoning  the  individual  cards  was  that  they  had  served  their 
purpose,  and  the  storing  of  five  million  or  six  million  cards  in  these 
days  was  a  serious  matter.  Moreover,  before  they  could  be  stored 
they  would  have  had  to  lie  re-sorted  into  some  oi'der  for  reference 
and  extraction  when  lapse  or  death  occurred.  There  were  seventeen 
geographical  areas  in  the  valuation,  for  facility  in  handling,  and 
those  areas  were  chosen  with  special  reference  to  the  particular 
circumstances  of  the  company — remuneration,  supervision  and  other 
incidents.     The  geographical  distribution  had  been  the  subject  of 
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another  investigation,  not  part  of  the  valuation,  relating  to  the  yield 
from  the  expenditure  of  the  company  upon  its  business.  He  hoped 
at  some  future  time  to  describe  the  most  interesting  results  which 
he  had  obtained  in  that  investigation.  The  totals  of  the  seventeen 
areas  were  amalgamated  into  one  total  on  what  was  called  a  master 
card,  thereby  reducing  the  five  million  or  six  million  cases  to  about 
6,000,  namely,  60  years  of  entry  and  100  years  of  age.  ObWously 
that  was  a  great  advantage.  Then  in  sorting  the  cards  they  had 
combined  the  two  variables,  the  year  of  entry  and  the  age  at  entry, 
so  as  to  bring  together  all  cases  at  the  same  attained  age.  They  had 
thereby  avoided  all  the  trouble  of  valuing  in  separate  years  of  entry. 
He  would  like  to  add  that  at  eveiy  stage  of  the  work  checks  were 
possible.  His  company  had  found,  by  using  the  Power's  machine 
in  the  way  he  had  described,  that  it  got  through  its  valuation  in  a 
quarter  of  the  time  that  it  generally  took  by  hand,  and  in  view  of 
the  magnitude  of  the  operations  in  industrial  assui'ance,  that  meant 
a  substantial  saving. 

Mr.  a.  henry  was  particularly  interested  in  the  results  which 
the  author  had  brought  out  by  the  method  of  approximate  \  aluation 
which  he  (the  speaker)  had  had  the  i)rivilege  of  bringing  before  the 
Institute.  In  paragraph  26  the  author  expressed  the  opinion  that 
as  a  general  rule  it  was  better  to  use  unweighted  equations  and  to 
deal,  in  applying  the  method,  with  smaller  groups.  He  (the  speaker) 
had  devised  the  method  as  a  check  to  be  applied  over  a  Avide  range, 
and  from  that  point  of  view  it  was  important  that  the  number  of 
essential  operations  should  be  cut  down.  He  fully  appreciated, 
however,  the  different  point  of  view  of  the  author.  The  author  gave 
four  reasons  for  preferring  ten-year  groups,  but  he  (the  speaker) 
doubted  whether  the  method,  as  a  check,  would  be  improved  by 
dispensing  with  weighting  and  cutting  down  to  ten-year  groups. 
He  agreed,  however,  that  the  sum  assured  probably  would  not  vary 
very  considerably  within  a  ten-year  group,  and  that  if  this  grouping 
were  adopted  the  necessity  for  weighting  was  minimized.  In  dealing 
Avith  a  wider  range — and  personally  he  thought  this  was  desirable 
in  order  to  get  the  fullest  benefit  from  the  method  as  a  short  method 
of  check  valuation — some  form  of  weighting  was  essential,  or  the 
approximation  would  be  rather  rough.  A  point  about  Avhich  he  was 
not  quite  clear  arose  in  paragraph  37,  where  the  author  referred  to 
the  valuation  of  limited  premiums  with  a  short  unexpired  term. 
The  author  said  "In  ])oint  of  fact  the  assumption  leads  to  a 
"  systematic  error  which  could  be  corrected,  if  thought  to  be 
"  necessary,  the  approximate  values  always  being  more  than  the 
"  true."  He  (the  speaker)  did  not  miderstand  why  this  should  be 
so,  because  if  a  straight  line  Avere  fitted  to  a  ten-year  group  it 
folloAved,  he  thought,  that  some  of  the  values  Avould  be  higher  and 
some  Avould  be  lower  ;  that  Avas  in  fact  the  basis  of  the  approximation. 
If  the  author  meant  that  all  the  groups  shoAved  errors  in  excess 
that  Avas  probably  due  to  the  fact  that  he  had  not  Aveighted  his 
data,  and  this  Avould  confirm  his  (the  speaker's)  vicAv  with  regard  to 
the  necessity  of  Aveighting  in  some  cases. 
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One  other  point  he  would  mention  was  that  if  ten-year  groups 
were  employed  there  might  be  much  to  be  said  fcr  applying  to  each 
of  those  groups  the  factor  approximating  to  the  mean  age  for  the 
group.  The  double  summation  method  might  in  such  circumstauces 
be  less  simple  than  a  method  Avhich  entployed  an  approximate 
valuation  factor  for  the  group. 

Sir  JOSEPH  BURN  congratulated  the  author  on  having  given 
the  Institute  a  most  valuable  paper.  Papers  on  the  subject  of 
industrial  assurance  had  been  in  the  past  very  rare,  owing  mainly 
perhaps  to  the  fact  that  actuaries  who  were  engaged  in  industrial 
business,  and  in  dealing  with  its  various  problems,  became  so 
intimate  with  them  that  they  found  it  rather  difficult  to  believe 
that  any  of  their  methods  or  any  description  of  their  difficulties 
could  be  of  any  practical  importance  or  advantage  to  their  fellow 
actuaries. 

Referring  to  paragraph  19  of  the  paper,  he  thought  it  was  only 
fair,  in  reading  the  sentence  which  had  been  quoted,  to  read  also 
the  following  sentence,  which  he  thought  made  the  author's  meaning 
a  little  plainer:  "The  history  of  the  valuations  of  all  the  largest 
"  offices  shows  that  the  actuaries  have  consistently  taken  steps  to 
"  strengthen  the  bases  upon  which  they  have  estimated  the  valuation 
"  of  ihe  liabilities  of  the  offices  they  serve."  The  matter  might  be 
made  a  little  plainer  still  in  a  very  few  words.  The  valuation  bases 
of  ordinary  offices  were  not  as  rule  adopted  for  the  purpose  of 
valuations  for  solvency.  They  were  bases  of  valuation  adopted  with 
a  view  to  present  and  future  distributions  of  profit.  Industrial 
assurance  companies'  contracts  were  not  with-profit  policies.  At  the 
same  time,  as  was  well  known,  many  of  the  companies  during  recent 
years  had  at  various  times  made  voluntary  increases  in  the  benefits 
granted,  which  increases  could  not  have  been  given  had  their 
valuation  bases  been  merely  tests  of  solvency. 

At  the  present  time  he  thought  there  was  no  doubt  that  all 
actuaries  connected  with  industrial  companies  were  most  anxious  to 
improve,  in  every  possil)le  way,  the  character  of  industrial  assurance. 
There  were  several  directions  in  which  improvements  might  be 
made.  For  instance,  there  was  the  subject  of  lapsing  and 
surrendering,  as  well  as  the  fundamental  problem  of  giving  greater 
benefits  for  the  premium  paid.  The  latter  subject  had  been  rather 
forced  on  them  by  the  very  sudden  increase  in  endowment 
assurances,  an  increase  which  had  begun  in  the  ordinary  companies 
and  then  during  recent  years  had  spread  to  industrial  companies. 
In  his  view,  at  the  present  moment,  the  national  demand  was  for 
cheap  industrial  endowment  assurances.  In  order  to  i^rovide  those, 
the  immediate  necessity  was  to  reduce  the  expense,  and  concurrently 
with  that  reduction  in  expense  he  thought  every  actuary  would  agree 
that  it  was  advisable  that  the  reserves  should  be  increased.  He 
believed  every  industrial  assurance  actuary  was  anxious  not  only  to 
decrease  the  rate  of  expense  at  which  industrial  assurance  was 
carried  on,  but,  by  means  of  that  decrease,  to  increase  his  reserve, 
in  order  to  enable  him  safely  to  increase  the  general  benefits  which 
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he  was  able  to  recommend  under  that  class  of  assurance  business. 
He  thought,  if  he  understood  the  author  correctly,  that  the  passage 
which  he  had  read  from  the  paper  was  an  indication  of  the  author's 
great  desire  that  the  utmost  possible  attention  should  be  given  to 
this  important  question  of  increasing  reserves. 

Mk.  H.  H.  AUSTIN  thought  there  was  no  doubt  that  the 
Power's  machines  opened  up  possibilities  of  handling  large  masses  of 
statistics  in  a  way  that  would  give  actuaries  much  more  powerful 
analyses  than  they  had  ever  had  before — for  instance,  in  such  a 
manner  as  the  author's  classification  of  his  data  in  geographical  areas. 

The  advantages  in  the  arrangement  of  the  author's  whole  life 
data  were  very  marked  in  certain  respects.  It  afforded,  as  he  had 
pointed  out,  a  veiy  ready  and  powerful  means  of  strengthening  the 
valuation-basis.  He  (the  speaker)  doubted,  however,  whether  the 
schedules  would  as  a  rule  be  as  simple  as  the  specimen  .schedules 
given  by  the  author.  If  the  sum  assured  had  been  varied  at  any 
time,  as  was  not  uncommonly  the  case  in  industrial  offices,  or  if  it  had 
increased  during  the  first  10  years,  the  schedules  would  have  to  be 
subdivided.  The  method  adojJted  in  his  (the  speaker's)  office  Avas 
the  usual  one  of  classifying  in  the  first  instance  by  years  of  entry 
and  then  by  valuation  ages.  For  check  purposes  the  full  valuation 
based  on  the  number  of  penny  policies  was  compared  with  an  entirely 
independent  valuation  based  on  the  liability  per  penny  policy.  The 
data  in  the  second  case  were  taken  direct  from  the  classification 
books,  so  that  any  error  in  extracting  the  data  would  be  detected. 

As  regards  endowment  assurances,  which  were  now  a  very 
important  section  of  the  business,  his  office  had  adoijted  a  classification 
by  years  of  entry  and  original  terms,  the  entry  age  being  found  by 
dividing  the  premium  by  the  sum  assured.  That  seemed  to  give, 
iu  the  case  of  a  large  volume  of  endowment  assurances, 
extraordinarily  accurate  results,  which  compared  quite  favourably 
even  with  the  Z  method  of  weighting.* 

The  first  requisite  of  any  method  of  valuation  in  industrial 
assurance  was  the  saving  of  skilled  work.  There  were  such  vast 
masses  of  material  to  be  dealt  with  at  times  of  great  pressure  that 
he  thought  the  only  methods  which  could  be  permanently  adopted 
were  those  Avhich  so  organized  the  work  that  it  could  be  dealt  with 
by  unskilled  labour.  The  methods  of  valuation  and  check  valuation 
which  he  had  described,  worked  very  automatically.  They 
produced  two  sets  of  totals  which  should  be  identical,  and  it  was 
not  necessary  to  consider  whether  the  check-result  was  sufficiently 
near,  and  ev'en  perhaps  to  investigate  whether  the  difference 
indicated  an  error  or  was  due  simply  to  the  method  of  approximation. 
The  author  anticipated  the  possibility  of  the  approximate  check 
method  being  adopted  for  ordinary  branch  valuations.  In  the 
ordinary  branch  valuation  endowment  assurances  were  the  main 
difficulty  and  he  doubted  whether  the  approximate  method  could  be 
applied  to  the  valuation  of  endowment  assurances,  at  any  rate 
without  weighting. 

*  See  paragraph  iu  small  tyje  on  p.  191. — Eds.  J. I. A. 
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Mr.  H.  L.  TKACHTEXBEKG  remarked  that  the  previous 
.speaker's  doubts  as  to  the  efficacy  of  the  approximate  check  method, 
when  applied  to  the  vahiation  of  endowment  assurances,  were  he 
thought  unfounded.  The  method  employed  by  Mr.  Kenchington 
differed  very  little  in  accuracy  from  the  method  suggested  by  him  (the 
speaker)  some  time  ago  and  he  had  found  tliat  the  latter  gave  only 
a  small  error. 

Mr.  8.  G.  WAEXEK  said  that  the  author  had  contributed  a 
very  interesting  and  important  paper  to  the  proceedings  of  the 
Institute.  It  might  be  true,  as  the  author  suggested,  that  the 
attention  of  the  actuarial  world  at  the  moment  was  directed  towards 
the  principles  underlying  industrial  valuations  rather  than  the 
mechanism  of  valuation.  Still,  a  thorough  grasp  of  the  one  was 
of  help  in  considering  the  other.  The  author  had,  as  it  were, 
invited  his  readers  into  his  actuarial  workshop  and  had  given  them 
such  a  detailed  and  lucid  account  of  the  processes  as  must 
interest  them  all,  whether  they  Avere  directly  concerned  with 
industrial  assurance  or  not.  The  first  thing  that  struck  anyone 
who  had  not  had  to  do  Avith  industrial  assurance  Avas  the  entirely 
different  nature  of  the  problems  that  presented  themselves  to  the 
practical  actuary  in  dealing  with  that  branch  of  actuarial  work — 
the  adoption  of  the  premium  instead  of  the  sum  assured  as 
the  unit,  the  enormous  number  of  small  contracts,  and  the  great 
amount  of  labour  involved.  In  that  connection  they  had  had  a  very 
interesting  expLanation  of  Power's  machines.  So  much  had  been 
heard  about  these  machines  lately  in  connection  with  actuarial  work 
that  it  was  time  the  Institute  had  recorded  in  its  Transactions 
some  such  account  of  them  as  had  been  given  that  evening. 

He  was  very  glad  to  notice  that  in  paragraph  I'l  the  author 
spoke  quite  clearly  and  uncompromisingly  on  the  subject  of 
negative  values.  It  was  important  that  in  an  official  paper  read 
before  the  Institute  by  one  keenly  interested  in  and  actively 
engaged  in  industrial  assurance,  that  position  should  be  so 
unequivocally  taken  up. 

A  very  interesting  section  of  the  paper  dealt  with  the 
approximate  valuation  method  which  they  owed  in  the  first  instance 
to  Mr.  Henry.  It  was  instructive  to  see  how  the  subject 
was  approached  from  rather  a  different  point  of  view  with 
substantially  the  same  result.  It  must  be  remembered  that  the 
method  had  been  introduced  in  exceptional  circumstances.  The 
fact  that  the  department  with  which  Mr.  Henry  was  connected  had  to 
check  a  very  large  number  of  valuations  had  undoubtedly  made  such 
a  method  most  useful  and  most  desirable.  Similar  considerations 
applied  to  industrial  assurance  in  view  of  the  mass  of  facts  to  be 
handled.  The  question  naturally  arose  whether  the  method  would 
be  useful  in  connection  with  ordinary  assurance  Avork.  He 
remembered  being  fjresent  when  the  late  Mr.  Woolhouse,  on  his 
last  public  appearance  in  that  Hall,  propounded  his  Avell-known 
method  of  making  a  check- valuation.  He  would  like  to  bear  witness 
to  the  fact  that,  considering  the  extreme  simplicity  of  Woolhouse's 
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method,  he  had  found  it  to  give  surprisingly  good  results.  He  had 
employed  it  on  many  occasions  and  had  always  found  it  answer  the 
practical  purpose  for  which  he  had  used  it.  Therefore  he  did  not 
know  that  for  the  purposes  of  ordinary  life  assurance  more  elaborate 
methods  were  likely  to  be  very  generally  adopted.  The  crux  of  an 
ordinary  life  assurance  valuation  was  the  data,  so  far  as  labour  was 
concerned.  When  one  had  the  data,  the  valuation  itself  was  not  a 
peculiarly  lengthy  or  formidable  process.  The  author  suggested 
that  possibly  in  future  approximate  methods  might  be  adopted 
for  actual  v^aluation  purposes  instead  of  merely  as  a  check.  It  must 
certainly  be  admitted  that  the  results  which  the  author  had  shown 
were  wonderfully  close  in  some  cases  to  those  obtained  by  the 
detailed  method.  Moreover,  all  valuations  were  approximate : 
assumptions  of  some  kind  necessarily  underlay  them  all. 

He  had  been  interested  in  what  the  author  had  said  about  the  Z 
function  in  endowment  assurance  valuations.  In  a  case  within  his 
(the  speaker's)  experience  a  section  of  a  large  fund  had  to  be  separately 
valued.  In  the  valuation  year  of  the  entire  fund  there  was  no 
difficulty,  but  the  valuations  of  the  section  had  to  be  made  annually, 
while  the  valuation  of  the  fund  of  which  it  formed  a  part  had  not, 
and  in  intermediate  years  the  Z  function  presented  a  difficulty. 
Time  was  of  imjjortance,  and  an  assumption  similar  to  the  author's 
was  made.  In  course  of  time  the  entire  fund  was  again  valued  as 
a  whole,  the  Z  functions  up  to  date  were  again  available,  and  it  was 
found  there  was  a  perfectly  regular  progress  in  the  sectional 
valuations  during  the  interval.  This  confirmed  the  author's 
opinion. 

The  PRESIDENT,  in  moving  a  vote  of  thanks  to 
Mr.  Kenchington,  said  that  in  his  view  the  machines  which  had 
been  referred  to,  with  the  improvements  that  were  constantly  being 
developed  in  them,  had  added  immensely,  if  indirectly,  to  the 
interest  of  actuarial  work  in  the  sphere  in  which  such  machines 
could  properly  be  employed.  In  industrial  assurance  practice  he  had 
found  the  utmost  interest  in  putting  the  results  of  a  valuation 
under  the  actuarial  microscope,  but  owing  to  the  magnitude  of  the 
numbers  involved  and  the  complexity  of  the  data,  it  was  in  years 
gone  by  an  exceedingly  difficult  task  to  get  a  complete  conspectus  of 
the  working  of  an  industrial  assurance  fund.  These  modern 
tabulating  machines  had  added  enormously  to  the  facilities 
available  for  such  a  purpose. 

He  had  been  very  much  interested  to  notice  in  the  paper  that 
the  author  laid  emphasis  on  the  importance  of  the  valuation  data 
being  definitely  interlocked  with  the  general  financial  records.  He 
entirely  agreed  with  him.  He  thought  that  in  industrial  business, 
as  well  as  in  ordinary  life  assurance  business,  that  point  ought 
constantly  and  continously  to  be  kept  in  view.  For  example,  he 
had  had  in  the  last  few  days  to  consider  the  question  of  the  bearing 
of  the  item,  in  the  annual  balance  sheet  of  industrial  offices,  of 
outstanding  premiums ''  in  relation  to  valuation  bases.  It  was 
very  important,  Mr.  Kenchington  evidently  agreed,  that  negative 
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values  should  be  excluded  from  the  assets  of  an  industrial  assurance 
fund.  It  was  very  difficult,  however,  to  find  whether  that  jjrinciple 
was  carried  out,  in  all  cases,  to  the  exclusion  from  the  assets  of  the 
outstanding  premiums  on  policies  with  negative  values.  This 
point  required  attention,  of  course  in  a  practical  way,  equally  with 
that  of  the  exclusion  from  the  asset  outstanding  premiums  "  of  any 
commissions  to  which,  in  the  ordinary  course  of  payment,  these 
preminms  would  be  subject. 

He  desired  principally  to  refer  to  the  much-debated  paragraph 
19.  All  actuaries  would  understand  perfectly  the  point  which 
the  author  had  intended  to  make.  If  the  sentence  which  had  been 
referred  to  several  tim.es,  namely,  "  In  most  cases  the  actuary  of  an 
industrial  jissurance  company  is  faced  with  the  problem  of  making 
the  valuation  as  stringent  as  the  resources  available  will  allow  ", 
wei'c  taken  in  isolation  and  apart  from  its  context,  it  was  liable  to 
create  a  false  impression  and  one  certainly  that  the  author  did  not 
intend  to  convey.  It  would  create  an  impression  as  to  the  purpose 
of  valuation  which  Parliament  did  not  intend  in  framing  the 
valuation  requirements  of  the  Act  of  1870,  now  re-enacted  in  the 
Act  of  1909.  He  was  so  sure  of  what  was  in  the  author's  mind, 
and  so  sure  that  it  was  confirmed  by  the  opinion  of  all  actuaries, 
that  he  would  have  deemed  it  unnecessary  to  refer  to  the  matter, 
but  for  the  uncomfortable  discovery  that  he  had  made  more  than 
once  that  the  doctrine  which  thiit  sentence,  taken  in  isolation, 
seemed  to  embody,  was  in  fact  the  doctrine  acted  upon  in  certain 
cases.  He  noticed  that,  in  the  returns  for  the  year  1919,  there  were 
two  cases  in  which  companies  had  valued  the  gross  premium,  less 
ten  per-cent  for  expenses  of  management,  in  circumstances  where 
the  renewal  commission  alone  was  probably  on  the  average  about 
20  per-cent,  and  that  some  attempt  was  made  to  give  the  valuation 
a  better  appearance  by  adding  to  the  amount  reserved  for 
management  expenses,  as  though  it  might  be  treated  as  available 
for  the  purpose,  the  amount  which  had  been  struck  off  as  representing 
negative  values.  In  cases  su'-h  as  that  it  would  be  found,  without 
surprise,  that  correspondenoe  arose  between  the  company  concerned 
and  tlie  Board  of  Trade,  and  that  in  due  course  the  correspondence 
■was  presented  to  Parliament.  That  was  not  a  satisfactory  state  of 
affairs  ;  he  deplored  the  existence  of  val  lation  methods  which  could 
leal,  even  indirectly,  to  criticism  of  actuarial  discretion  and  actuarial 
strength  of  purpose  in  any  return  submitted  to  Parliament.  He 
thoight  the  difference  of  opinion,  so  far  as  there  was  a  difference 
b2tween  them  in  that  room  as  to  the  proper  basis  of  valuation  of 
an  industrial  company,  was  one  of  degree  and  in  itself  not  very 
larj^e.  He  thought  all  present  wo  dd  endorse  the  view  that  there 
mist  be  some  minim  im  standard  b^low  which  no  actuary,  in 
maldng  a  valuation  of  a  company,  ought  to  permit  himself  to  go. 
In  certain  cases  onen  to  criticism  the  comnanies  concerned  were 
siiall.  B  it  the  policyholders  w^re  comnaratively  numerous,  their 
i  at? rests  were  at  stake  and  they  were  entitled  to  the  protection  of 
a  reliable  valuation.     There  seemed  to  be  an  idea,  however,  in  those 
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cases,  that  the  valuation  was  comparatively  unimportant,  and  the 
companies  seemed,  in  fact,  to  assess  their  liabilities  on  a  basis 
determined  by  the  amount  of  assets  that  they  had  in  possession. 
That  meant  that  between  the  strongest  and  the  weakest  bases  of 
valuation  there  was  a  very  wide  gap  and,  possibly  in  the  hope  that 
that  gap  would  be  closed,  there  was  a  good  deal  of  discussion  going 
on  among  actuaries  as  to  what  lines  of  policy  should  be  adopted 
by  the  actuary  for  his  guidance  in  undertaking  the  responsible 
work  of  valuing  an  industrial  assurance  company.  But  he  feared 
that,  while  they  were  discussing  the  matter  and,  perhaps,  coming 
slowly  to  a  definite  professional  opinion  to  which,  as  he  had  had 
the  privilege  of  suggesting  some  months  ago,  the  actuary  who  found 
himself  in  difficulty  could  appeal  for  guidance  and  support,  there 
were  other  interests  at  work,  and  operating  in  a  way  gravely  to 
increase  the  difficulties  by  which  the  actuary  was  confronted.  It 
had  been  his  privilege— if  it  had  been  a  privilege  ;  sometimes  he 
was  inclined  to  doubt  it — to  sit  upon  the  Departmental  Committee 
Avhich  had  enquired  into  the  system  of  industrial  life  assurance. 
Among  those  who  had  come  to  give  e\ndence  before  that  Committee 
were  representatives  of  the  outside  staffs  of  some  of  the  companies. 
Their  attitude  was  as  follows  :  the  larger  the  reserves  were  made 
the  smaller  was  the  sum  available,  out  of  the  premiums,  for  rewarding 
the  industry  of  the  agents.  One  witness  had  gone  so  far  as  to 
say  :  "I  distinctly  say  that  the  reserves  put  aside  by  assurance 
"  companies  are  too  large.  It  is  not  necessary."  That  witness  then 
went  on  to  compare  the  valuation  reserves  of  two  offices  with  their 
respective  premium  incomes.  He  said  in  effect  :  "  Here  is  one 
"  office  that  makes  a  reserve  equal  to  six  times  its  annual  premium 
"  income  and  here  is  another,  and  a  very  large  office,  which  makes  a 
"reserve  equal  to  one  and  a-half  times  its  annual  premium  income. 
"  It  might  be  argued  that  the  latter  office  is  insolvent.  Not  at  all. 
'■  We  all  know  that  it  is  not  insolvent",  and  the  witness  proceeded 
to  draw  the  inference  he  desired.  After  other  questions,  the 
following  was  put  to  this  witness  :  "If  more  money  is  reqi'ired  by 
"  the  agents,  you  propose  to  get  some  of  that  money  by  diminishing 
"  the  sum  which  is  now  put  by  the  societies  into  reserve  to  meet  their 
"  liabilities  "  ?  and  the  answer  was  :  "  I  have  answered  that — yes." 
It  did  seem  ludicrous  that  such  ideas  should  obtain  credence  and 
should  be  seriously  advanced  before  a  Committee  of  Inquiry  set  up 
by  a  Government  Department,  but  there  was  the  fact,  and  they 
should  realize  that  those  who  put  such  views  forward  were  highly 
organized  and  were  able  to  exert  gi-eat  str«.n,gth  in  promoting  their 
objects.  He  wanted  to  suggest  once  more  to  his  colleagues  of  the 
Institute  of  Actuaries  that  they  should  be  prepared  to  express 
definite  professional  views  in  regard  to  the  valuations  of  industrial 
assurance  companies,  and  views  of  such  a  character  as  to  lessen 
existing  differences  of  practice.  Only  in  this  way,  he  thought, 
could  actuaries  effectually  maintain  their  professional  authority 
against  such  subversive  influences  as  those  to  which  he  had  referred. 
Mr.  C.  W.  KENCHINGTON,  in  reply,  said  that  if  there  was  any 
ambiguity  in  what  he  had  said  in  paragraph  19  he  did  not  feel  that 
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he  need  apologize  for  having  expressed  his  meaning  in  ambiguous 
terms,  as  it  had  brought  forth  an  expression  of  opinion  which  he 
felt  sure  would  be  of  advantage  to  the  profession  as  a  whole. 

The  use  of  mechanical  methods  in  industrial  assiirance  valuations 
had  been  referred  to  as  the  introduction  of  factory  methods  into 
actuarial  work,  but  actuarial  science  had  expanded  so  much  that  it 
was  necessary  to  take  every  available  means  to  bring  the  actual 
work  into  such  a  form  as  would  render  it  possible  for  it  to  be  done 
both  easily  and  economically.  One  of  the  special  advantages  to  be 
derived  from  the  use  of  machines,  besides  those  already  referred  to 
in  the  paper,  was  that  of  saving  expense.  Mr.  Peters  had  referred 
to  the  use  of  the  Power's  machines  in  a  different  form  from  that 
in  which  he  himself  had  used  them.  Mr.  Peters,  however,  was 
dealing  with  the  tabulation  necessary  for  the  purpose  of  making  the 
valuation  of  the  whole  of  his  data  at  the  outset.  He  (Mr.  Kenchington) 
could  not  contemplate  that  such  a  process  could  be  gone  through 
regularly  year  after  year,  and  he  considered  that  it  was  absolutely 
necessary  to  carry  on  the  valuation  data  by  means  of  class  books 
from  valuation  to  valuation.  He  (Mr.  Kenchington)  felt  it  right  to 
make  full  acknowledgment  of  the  valuable  services  that  had  been 
rendered  by  his  assistant,  Captain  Phillips,  both  in  the  actual  work 
of  adapting  Power's  machines  to  industrial  assm-ance  pm'poses,  and 
in  the  description  of  the  machines  that  had  been  fm'nished  in 
paragraphs  4  to  16  of  the  paper. 

With  regard  to  the  approximate  check  method,  ilr.  Henry  had 
suggested  that  as  the  grouping  extended  over  such  a  short  period  as 
ten  years  the  check  valuation  might  possibly  have  been  made 
equally  well  by  using  valuation  factors  dependent  upon  the  mean  age, 
but  he  (Mr.  Kenchington)  woidd  point  out  that  for  the  purpose  of 
obtaining  the  mean  age  it  would  be  necessary  to  make  the  second 
summation  of  the  valuation  data  and  to  divide  that  by  the  first 
summation.  The  process  would  involve  the  individual  calculation 
of  the  mean  age  at  least  to  one  and  possibly  to  two  places  of  decimals 
and  then  it  would  be  necessary  to  interpolate  to  obtain  the  valuation 
factors  appropriate  to  the  mean  ages.  He  (Mr.  Kenchington) 
preferred  to  take  the  course  of  making  the  first  and  second 
summations  and  then,  with  the  prepared  constants,  to  obtain  the 
values  straight  away. 

Mr.  Austin  had  raised  the  question  whether  the  schedules  provided 
all  that  was  necessary,  and  had  referred  particularly  to  the  variation 
in  sums  assiured.  In  drafting  the  schedules  for  the  paper  he  had 
wanted  to  make  the  matter  as  simple  as  he  could  and  therefore  had 
not  referred  to  the  possibility  of  having  to  sectionaUze  the  work 
according  to  groups  of  years  of  entry.  In  the  valuation  with  which 
he  was  concerned  there  had  been  variations  of  sums  assured  from 
time  to  time,  and  personally  he  had  to  deal  with  three  groups  of 
schedules  such  as  those  to  which  Islx.  Austin  had  referred  :  but  this 
presented  no  difficulty  ;  it  only  became  necessary  to  make  a  summary 
of  the  groups  in  order  to  obtain  the  grand  total. 

With  reference  to  the  President's  remarks  regarding  the 
exclusion   of   outstanding   premiums   upon   policies   with   negative 
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values,  he  thought  that  from  an  administrative  point  of  view  there 
would  be  great  difficulties  in  making  such  an  exclusion.  He  was 
not  sure  whetlier  in  fact  it  would  be  possible,  except  by  way  of 
estimate.  The  outstanding  premiums  as  they  figured  in  the  accounts 
of  the  offices  were  generally  reduced  in  various  ways — for  example 
by  the  exclusion  (as  the  President  himself  had  assumed)  of 
commission.  Whether  it  was  possible  to  go  further  and  exclude 
outstanding  premiums  uj)on  policies  which  had  negative  values — 
or  would  have  negative  values  if  the  negative  values  were  not 
excluded — was  a  matter  of  some  doubt. 


A   Gr(jLti>-c}ifcl,-  for  Endoivment  Assurance  Net  Premiums,  htj 
means  of  mean  aijes  hased  on  the  Z  method. 

1.  J.N  the  theory  of  the  Z  metliod  it  is  shown  [J. I. A., 
vol.  xxxviii,  p.  3)  that  if  the  mortality  table  follow  Makebara's 
Law,  lx=^hs^g'^',  we  may  express  a^.^:  in  the  easily-remembered 
symbolic  form  e'^v-^ao;  Avhere  7  =  loge^,  a^,  a^  .  .  .  .  represent 
the  values  of  annuities-certain  for  n  years  calculated  at 
successive  rates  of  intei'est,  and  A  is  the  symbol  of  differencing, 
acting  on  Oq  <'>i^ly-  It  is  evident  that  the  corresponding 
expression  for   a,,, 7;  will   bo  c'i'-^Eo,  and  expanding  we    shall 

have 

a,~!  =  ao-fc^7-^ao  +  c^V^'ao/2-j- (1) 

2.  Taking    the    reciprocal    of     (1),    either    by    ordinary 
algebraical   division  or  by  using  formula   {Sf),  J. I. A.,  vol.  li, 

l-..Aa./a.(|^'-l^^V,."...],.. 

This  is  of  the  same  form  as  (1),  and  thei-efore  the  mean  value 
of  P^^  +  d  or  of  P,r|  in  a  group  in  which  n  is  constant  and  ,/ 
varies  may  be  found  approximately  by  means  of  the  mean  age 
derived  by  the  Z  method.  The  success  of  that  method  depends 
upon  the  rapid  convergence  of  the  series'^  and  particularly  on 

*  More  convergent  series  for  a,  a  ami  P.  leading  to  the  same  mean  ages,  may 
be  obtained  l)y  reckoning  the  ages  Irom  the  mean  age  of  the  group,  or  from 
any  age  near  the  central  age  of  the  group,  instead  of  from  age  0.  Putting 
lj.=k'\^--^iic^~-^ ,  we  j-hall  get  series  similar  to  (1)  and  (2;  but  proceeding  by 
powers  of  'yc^--'"  instead  of  powers  of  yc^ .  In  these  series,  ^o,  «; ,  a.^,  .  .  .  will 
represent  tlie  values  of  life  annuities  at  age  x  (instead  of  annuities-certain)  at 
successive  rates  of  interest,  and  the  ratios  of  A-«/An  will  be  smaller  than  before, 
a  condition  whiih  will  further  increase  the  convergence  of  the  series.  Kxcept 
for  ihe  greater  difficulty  of  calculating  the  numerical  values  of  «o>  <S^c.,  it  would 
prliajis  have  been  better  to  develop  tlie  whole  theory  of  the  Z  method  on  the 
basis  of  ibese  more  convergent  series. 


-j,=p,-+f/=A 

'M  an  L 
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the  smallness  of  the  ratio  of  the  third  term  to  the  second.  It 
will  be  found  that  the  presence  of  the  negative  element  in  the 
coefficient  of  the  third  term  in  (2)  makes  the  ratio  in  question 
smaller  in  (2)  than  it  is  in  (1) ;  and  it  may  therefore  be 
expected  that  the  Z  method  will  give  a  mean  value  of  P  even 
more  accurate  than  the  mean  value  of  a  or  a  corresponding  to 
the  same  distribution. 

3.  This  may  be  illustratetl  by  examples.  (A)  Taking  the 
values  on  the  basis  0-^'^^^  3  per-cent  of  a,.;^]  for  x  =  ''2i),  'lb,  .  .  . 
50  (corresponding  to  M  =  40^  45,  .  .  .  70),  the  successive  values 
of  A5.a,.+5-2ol/^5-«.-2ui  are  r54,  1  53,  1-52,  1*48,  1'44,  showing 
a  progressive  falling  aAvay  from  the  value  of  c^=r57.  The 
corresponding  values  of  A5.P,+5^,/A5.P.,.2ri  are  I'oT,  1'57, 
1*58,  1*56,  1"58,  showing  only  small  and  casual  variations  from 
the  value  c'  =  l'57.  We  should  therefore  expect  to  get  by  the 
Z  mean  age  a  very  close  approximation  to  the  mean  value  of 
P,  and  this  is  confirmed  by  trial.  Taking  equal  Aveights  at 
ages  20,  25, .  .  .  50,  the  true  mean  A'alues  of  a,  70;  and  Pj^T]  are 
respectively  13"252  and  '04]  19 ;  and  the  values  of  a  and  P 
corresponding  to  the  Z  mean  age  (39^)  are  respectively 
13'223  and  •04118.  (B)  On  the  same  basis  taking  /<  =  30, 
x  =  20,  25,  .  .  .  40,  M  =  50,  55,  .  .  .  70,  the  results  may  be 
briefly  summarized  as  follows.  Eatiosof  Asa,  1-51,  1*49,  1*44  ; 
ratios  of  A5P,  1*57,  1'56,  P55,  AVith  equal  Aveights  at  ages 
20,  25,  .  .  .  40,  the  true  mean  values  of  a  and  P  arc 
respectively  17*022  and  '02643,  widle  the  values  of  a  and 
P  corresponding  to  the  Z  mean  age  (32|^)  are  respectively 
16-995  and  -02645.  The  results  on  the  (f^  Table  would 
evidently  be  similar,  since  that  table  follows  Makeham's 
Law  with  the  same  value  of  c. 

4.  In  the  important  practical  case  of  the  Q-^'  Table  we 
should  expect  results  less  accurate — though  accurate  enough 
to  supply  a  valuable  check  on  gross  errors — because  that 
table  does  not  follow  Makeham's  Law,  and  the  a])plication  of 
the  Z  method  involves  the  assumption  that  the  mortality  can 
be  adequately  represented  by  Makeham's  LaAV  av ith  a  uniform 
value  of  c,  usually  taken  in  jDractice  as  1*08,  for  the  ages 
with  which  we  are  principally  concerned  in  Endowment 
Assurance  business.  Taking  the  same  examples  as  before, 
but  on  the  O-"-  basis,  the  results  may  be  summarized  as 
follows.  (A)  Eatios  of  A50,  1-29.  1-28,  1-35,  1-41,  142, 
steadily  increasing'  but  ail  less  tlian   (•^=1-47.     Corresjionding 
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values  of  A5P,  1-29,  1-33,  1-41,  1-49,  1-55,  steadily  increasing, 
earlier  values  less  but  later  values  greater  than  c^.  True 
mean  value  ot  a^w.  and  Pa;2ri,  13-366  and  -04066  respectively. 
Values  of  Ux^,  and  PrsTl  corresponding  to  the  Z  mean  age 
(38f),  J 3-324  and  -04069  respectively.  (B)  Ratios  of  Aja, 
1-30,  1"31,  1-34,  slightly  increasing  but  all  considerably  less 
than  c\  Ratios  of  A5P,  1-35,  1*39,  1*46,  steadily  increasing, 
practically  up  to  c^  True  mean  values  of  o.,iU"i  and  Vx{^\, 
17-237  and  -02580  respectively.  Values  of  a  and  P  corres- 
ponding to  the  Z  mean  age  (31f),  17-185  and  02587.* 

5.  The  writer  is  not  able  to  give  the  results  of  a  compre- 
hensive test  on  the  0^  Table,  but  the  above  results  encourage 
the  hope  that  the  test  would  be  a  valuable  one,  the  accuracy 
of  which  could  no  doubt  be  improved  by  a  simple  system  of 
small  adjustments  of  the  Z  mean  ages  (c/.  J.I. A.,  vol.  xxxviii, 
p.  49),  such  adjustments  being  based  on  the  average 
distribution  of  the  business  of  each  particular  Office. 

6.  In  the  writer's  own  Office  the  valuations  are  made  on 
Offices'  0^^^^^  Table,  and  consequently  only  the  O^  •"  Z's  are 
available,  while  the  net  premiums  are  based  on  the  O^^  Table. 
Extensive  trials  of  the  test  here  described  have  been  made 
for  the  whole  of  the  Endowment  Assurance  business  for  some 
years.  It  has  been  found  that,  by  making  a  small  constant 
deduction  from  the  O-^^"'  mean  ages,  so  close  a  check  can  be 
obtained  on  the  0^^  pure  premiums  as  to  detect  quite  small 
errors  in  individual  policies.  If,  however,  the  results  are 
found  in  practice  to  be  less  close  the  fineness  of  the  test  can 
of  course  be  increased,  with  little  additional  trouble,  by 
dividing  each  group  into  two  or  more  sections — a  course 
which  may  be  otherwise  convenient  for  balancing  purposes. 

7.  It  is  to  be  observed  that  the  method  really  supplies  a 
concurrent  test  of  the  Z's  and  the  pure  premiums,  since  any 
considerable  error  in  either  would  be  disclosed  by  a  corres- 
ponding discrepancy  between  the  pure  premiums  separately 
calculated  and  those  calculated  by  the  mean  age  method. 

8.  The  practical  working  of  the  test  is  of  course  very 
simple,  because  for  the  purpose  of  placing  the  new  business 
on  the  books  the  business  will  almost  certainly  be  divided 
into  groups  corresponding  to  the  original  terms  of  the 
assurances,  that  is  in  precisely  the  form  required  for  the  test. 

*  The  tests  in   paragraphs  4  and  5  are  rather  severe,  since  equal  weights  of 
maturity-ages  ranging  from  -40  to  70  are  hardly  likely  to  arise  in  practice. 
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It  will  of  course  be  necessary  to  exclude  (1)  cases  "  dated 
back''  to  a  previous  year,  involving  a  disturbance  of  the 
original  term,  (2)  cases  of  specially  adjusted  premiums,  as  for 
policies  transferred  and  converted  from  other  classes,  (3)  the 
sums  assured  and  corresponding  Z's  for  paid-up  policies  if 
these  are  included  in  the  same  classification  with  the  annual 
premium  policies.  It  may  also  be  desirable  to  exclude  any 
exceptionally  large  or  otherwise  "  abnormal  "  case  {cf.  J.I. A., 
vol.  xxxviii,  p  32),  though  in  practice  this  is  but  rarely  found 
to  be  necessary. 

9.  The  above  remarks  may  throw  some  light  on  the  method  of 
classification  of  Industrial  Endowment  Assurances  recently  referred 
to  by  Mr.  H.  H,  Austin,  vide  supra,  p.  482.  Mr.  Austin  "adopted 
''  a  classification  by  years  of  entry  and  original  terms,  the  entry 
'  age  being  found  by  dividing  the  premium  by  the  sum 
assured."  The  mean  entry  age  so  found  increased  by  the 
original  term  would  give,  as  the  above  results  show,  a  very  close 
approximation  to  the  mean  maturity  age,  found  by  the  Z  method,  if 
the  7;«?-e  net  premiums  were  used  ;  and  assuming  the  loading  to  be 
fairly  expressible  as  a  constant  plus  a  percentage  of  the  pure 
premium,  very  similar  results  would  l)e  olttained  by  working  on  the 
iiffice  premiums.  The  method  in  question  is  therefore  virtually 
another  way  of  bringing  out  a  Z  valuation,  basing  the  Z's  on  the 
]jremiums  instead  of  on  the  sums  assured  ;  and  as  the  two  sets  of 
mean  ages  are  not  found  in  practice  to  differ  materially  {rf.  J  I. A., 
vol.  xxxviii,  pp.  16-19),  the  method  might  be  expected  to  give,  as 
Mr.  Austin  finds  that  it  gave,  "  results  which  compared  quite 
favourably  even  with  the  Z  method  of  weighting." 

G.  J.  L. 


LEGAL   NOTES. 
By  Robert  Allen  Bateman,  B.Sc.  (Econ.),  Barrister-at-Laic. 


[l)  Is  the  difference  between  the  amount  paid  for 
Prortiint  Treasuru  Bills  and  the  amount  received  ichetJier  on  a 

Institaiion  .  , , 

Brown  ^'^''^  ^^  "'  maturity  a  "  profit  on  discount     within  Case  3 

provid.nt  Mntnai  0/  Schedulc  D  of  the  IncotJic  Tax  Act.  1842,  and  (2) 

Life  Assurance  ■  '  \     / 

Associaiion        fj^^y  ^^  jjersou  bc  charged  with  income  tax  in  respect  of 
ii92o°3 KB. 35     such  «•  difference  in  a  year  in  which  no  such  bills  are 
held  and  no  transactions  take  place  tn  respect  thereto  ? 

"  Yes",  said  the  House  of  Lords,  in  regard  to  (1)  and  "  No  " 
in  regard  to  (2). 

It  will  be  recalled  that  Rowlatt,  J.,  decided  all  points  in 


492  Legal  Notes.  [Oct. 

favour  of  the  Crown  as  already  reported  in  this  Journal  in 
vol.  li.  p.  352,  where  the  full  facts  of  the  case  will  be  found.  On 
appeal  the  Court  of  Appeal  materially  varied  the  judgment  of 
Rowlatt,  J.,  by  making  a  distinction  between  Bills  sold  during 
their  currency  and  Bills  held  to  maturity.  In  regard  to  the 
former  by  a  majority  the  Court  decided  that  it  was  necessary  to 
send  the  case  back  to  the  Special  Commissioners  to  decide  in 
the  case  of  each  appeal  how  much  represented  actual  discount 
and  how  much  represented  an  accretion  to  capital.  The  Court 
unanimously  reversed  the  verdict  of  Rowlatt,  J.,  on  the  point  as 
to  whether  an  assessment  could  properly  be  made  in  a  year 
where  no  bills  were  held  and  no  transactions  took  place.  On 
the  point  of  Bills  sold  before  maturity  Lord  Sterndale,  iM.R.. 
said  :  "  The  case  where  the  bill  is  sold  before  maturity  is  not  so 
'  simple.     If  all  other  elements  were  eliminated  the  increased 

■  value  of  the  bill  would  be  regulated  by  the  extent  to  which  it 

■  had    advanced    towards    maturity.     But  the  other  elements 

■  cannot  be  eliminated.     The  price  of  the  bill  in  the  market 

■  depends  upon  the  state  of  the  money  market  and  the  rise  or 
'  fall  in  the  value  of  money  and  any  increased  price  attributable 
'  to  these  causes  cannot  be  taxed  as  profit  on  a  discount.  In 
'  the  case  of  a  sale,  therefore,  I  think  the  only  amount  that  can 
'  be  taxed  is  the  amount  by  which  the  bill  has  increased  in  value 
'  by  reason  of  its  advance  towards  maturity  and  the  consequent 
'  accrual  of  interest  upon  it.  The  amount  of  profit  arising  from 
'  the  fiuctuation  in  value  of  money  does  not  arise  from  the 
'  discount,  i.e.,  the  difference  between  the  present  value  and  the 

■  value  at  maturity,  and  does  not  therefore  come  within  the 
'  words  '  profit  on  a  discount.'  It  might  be  taxed  as  profits 
'  arising  from  a  business  of  discounting,  but  the  Crown  have 

deliberately  elected  not  to  assess  the  appellants  under  this 
head,  no  doubt  because  in  that  case  account  would  have  to  be 
taken  of  losses.  It  follows  from  this  that  the  appellants  have 
not  been  assessed  on  a  right  principle  in  the  case  of  sales  for 
'  they  have  been  assessed  on  the  total  profits  made  on  the  sales. 
'  and  the  case  should  go  back  to  the  Commissioners  in  order 
'  that  the  proper  adjustment  should  be  made  in  these  cases."' 
tScrutton,  L.J.,  on  the  same  point  said  :  "  The  price,  therefore, 
'  of  a  Treasury  Bill  would  depend  on  two  matters  :  (1)  How 
'  much  interest  or  discount  had  accrued  by  the  progress  of  the 
'  bill  towards  maturity  ;  (2)  how  much  the  value  of  the  promise 
'  to  pay  had  altered  by  the  rise  or  fall  of  the  value  of  money. 
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''  While  in  taxation  of  a  trade  the  latter  element  would  be 
"  included  in  the  profits  of  the  trade,  in  my  opinion  in  the 
"taxation  of  interest  or  discount  it  is  not  included,  for.it  is 
"  appreciation  or  depreciation  of  the  capital  sum.  If  the  Crown 
"  taxed  an  insurance  company,  or  a  discount  house,  as  a  trade. 
'■  then  profits  by  the  sale  of  bills  during  currency  would  he 
'■  included,  but  then  the  taxpayer  would  deduct  his  working 
'■  expenses  and  his  losses.  The  representatives  of  the  Crown 
'■  think  they  do  better  by  taxing  an  insurance  company  on  the 
"  interest  of  its  accumulated  funds,  and  not  as  a  trade.  They 
'■  may  be  wise  to  do  this,  but  if  they  make  this  election  they 
'■  cannot,  in  my  view,  assess  as  interest  or  discount  what  is 
"  really  a  profit  from  buying  and  selling,  additional  to  interest. 
'■  The  result  in  the  present  case  appears  to  be  that  where  the 
"  Institution  has  been  taxed  in  respect  of  the  year  when  Treasury 
"  Bills  mature,  on  bills  held  to  maturity,  on  the  difference 
"  between  amounts  paid  and  amounts  received,  it  is  rightly 
■"  taxed  ;  but  that  where  the  Institution  is  taxed  on  bills  sold  or 
'"  discounted  within  the  year  on  the  difference  between  amounts 
"  paid  and  amounts  received,  it  is  wrongly  taxed,  for  it  is  being 
"  taxed  not  only  on  interest  or  discount,  but  on  an  amount 
"  increased  by  apj)reciation  or  accretion,  or  decreased  by  loss,  of 
"  capital." 

Dissenting  from  these  judgments,  Warrington,  L.J.,  said  : 
"  When  a  holder,  whether  the  original  purchaser  or  not,  reahzes 
"  during  currency,  he  really  receives  a  proportion  of  the  total 
■■  profit  resulting  from  the  fact  that  the  bill  was  bought  at  a 
''  discount.  It  is  true  that  that  proportion  may  not  bear  an 
"'  exact  relation  to  the  period  of  currency  but  may  be  determined 
■■  by  variations  in  the  value  of  money,  in  the  public  credit  and 
"  so  forth.  But  it  seems  to  me  that  the  total  of  the  profits 
"  received  by  the  various  sellers  after  deducting  losses,  if  any. 
"  cannot  exceed  the  difference  between  the  price  originally  paid 
'■  and  the  sum  payable  at  maturity,  and  that  the  considerations 
"  I  have  referred  to  merely  affect  the  distribution  of  that 
••  diff'erence  between  the  various  holders.  Profits  made  by 
"  discounting  bills  seem  to  me  to  rest  on  the  same  footing,  and 
"  conversion  into  War  Loan  also." 

On  the  second  point  as  to  whether  a  person  may  be  taxed 
under  Case  3  in  respect  of  a  year  in  which  there  have  been  no 
transactions.  Lord  Sterndale,  M.R.,  said :  "  It  seems  to  me  to 
"  be  a  general  principle  of  income  tax  law  that  a  person  in  order 


494  Legal  Notes.  [Oct. 

'■  to  be  taxable  in  a  particular  year  must  have  an  income  arising 
"  from  a  source  existing  in  that  year,  and  in  order  to  justify  this 
"  assessment  the  Crown  must  show  some  reason  for  departing 
"  from  that  general  principle.  It  is  admitted  that  if  the  taxation 
"be  in  respect  of  a  trade  or  business  or  an  office  or  of  property. 
"  the  taxpayer  must  continue  in  the  year  of  charge  to  carry  on 
' '  the  trade  or  business  or  hold  the  office  or  the  property.  It 
"  was,  however,  contended  for  the  Crown  that  the  principle  did 
"  not  apply  in  this  case  because  by  the  first  rule  of  the  Third 
"  Case  the  duty  to  be  charged  was  computed  according  to  the 
"  profits  of  the  preceding  year,  and  therefore  if  the  last  year 
"  was  not  taxed  because  there  was  no  source  one  year  escaped 
"  taxation  altogether.  I  do  not  think  the  first  rule  has  this 
"  effect.  The  provision  as  to  computation  of  profits  is  the  same 
"as  that  in  respect  of  trades";  to  which  Warrington,  L.J., 
added  :  'It  was  argued  before  us  that  the  source  of  income 
"  was  the  possession  by  the  Institution  of  funds  for  investment 
"  and  that  such  source  existed  although  no  funds  were  invested 
"  in  the  particular  manner  in  the  year  of  assessment.  I  cannot 
"  accept  this  construction.  I  think  the  source  to  be  looked  for 
"  in  each  case  is  a  separate  source  from  which  the  profits  to  be 
'■  charged  are  derived." 

When  the  case  came  before  the  House  of  Lords  the  decision 
of  the  Court  of  Appeal  was  varied  to  the  extent  of  differing  from 
the  view  of  the  majority  of  the  Court  of  Appeal  that  there  is 
any  distinction  between  Bills  sold  during  their  currency  and 
Bills  held  till  maturity.  On  the  other  point  the  House  (Viscount 
Cave  dissenting)  agreed  with  the  judgment  of  the  Court  of  Appeal. 
In  regard  to  the  first  point  Lord  Haldane  adopted  the  precise 
judgment  of  Warrington,  L.J.,  quoted  above  which  in  his  opinion 
was  unanswerable.  On  the  second  point  Lord  Haldane  said  : 
"  It  seems  to  me  that  the  true  meaning  of  the  words  the 
"  Legislature  has  used  is  that  the  tax  is  intended  as  matter  of 
"  basic  principle  to  be  on  profits  and  gains  forming  income  in  the 
'■'  year  of  assessment,  though  not  measured  by  the  income  of 
"  that  year.  If  a  man  carries  on  business  by  buying  and 
"  discounting  bills,  this  is,  I  think,  as  much  a. source  of  profit  as 
'■  any  other  for  the  purposes  of  the  words  employed.  As  in  the 
"  case  before  us  it  is  agreed  that  there  was  no  such  source  I  think 
"  that  we  have  to  assume  that  there  was  no  income  on  which  to- 
"  base  the  tax.  Beading  the  Income  Tax  Acts  as  a  whole,  it 
"  appears  to  me  that  the  tax  is  one  of  a  single  kind  based,  speaking 
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■■  broadh",  on  a  single  principle.  It  is  imposed  on  existing; 
■■  income,  however  the  amount  to  be  levied  is  to  be  computed  in 
■■  particular  instances.  This  appears  to  be  the  scheme  followed 
"  out  in  the  Acts,  and  I  thinlc  that  if  departure  from  it  is  alleged 
"  at  anv  special  point,  the  departure  ought  to  be  clearly 
■"  demonstrated.  The  natural  construction  of  the  language  of 
'■  the  third  clause  of  Schedule  D  appears  to  me  to  be  that  the  tax 
'■  is  imposed  only  where  there  are  profits  and  gains  arising 
'■  within  the  year  of  assessment,  but  that  the  amount  payable  is 
■  to  be  measured  by  reference  only  to  the  profits  and  gains 
■■  arising  within  the  preceding  year." 

Lord  Cave  in  a  dissenting  judgment,  agreed  with  the  view 
held  by  Rowlatt,  J.,  that  "  the  Legislature  has  regarded  the 
■■  taxpayer  himself  as  the  only  source  of  profit  which  need  exist 
■■  in  the  year  of  assessment  and  has  taxed  him  upon  any  profits 
■  ■  of  this  character  which  he  may  have  made  in  the  preceding  year." 

Lord  Cave  seemed  much  impressed  by  the  possibiHty  of  the 
decision  of  the  Court  of  Appeal  leading  to  the  curious  position 
that :  ''a  taxpayer  if  he  should  think  fit  to  confine  his 
"  transactions  of  this  character  to  alternate  years  would  enjoy 
'"  all  his  profits  on  such  transactions  w^ithout  liability  to  tax." 
This  point  was  answered  by  Lord  Sumner,  who  said  that  "  this 
"  in-and-out  attention  to  business  is  easier  to  state  in  theory 
"  than  to  carry  out  in  practice."' 

Lord  Atkinson's  judgment  was  useful  as  containing  a  very 
exhaustive  review  of  the  Income  Tax  Acts  and  he  made  a  point 
that  in  the  present  case  the  Income  Tax  Authorities  are 
evidently  aiming  to  read  into  the  Income  Tax  Acts  the  special 
provisions  of  the  Finance  (1909 — 10)  Act  of  1910  in  regard  to 
super-tax.  His  Lordship  was  considerably  impressed  by  the 
fact  that  the  Crown  were  unable  to  produce  a  single  authority 
in  their  favour  in  spite  of  the  fact  that  they  were  proceeding  under 
an  Act  passed  80  years  ago. 


Where,  in  contemj^lation  of  a  marriage  «  policy  of 

Attorney-General  ^^^^^^^^^^^   ^^   f^J,^^^   ^^^    ^       ^J^^   WlteHtZei  JlUSband   tU   Ms 

ThePubUc 

^920)  3^K  B  675  ^'^"'^  namc  on  the  understanding  tmt  an  uncle  of  the 
intended  wife  shall  fay  the  first  and  all  subsequent 
■premiums  and  such  policy  is  brought  into  the  Marriage 
Settlement,  is  succession  duty  payable  in  respect  of  the 
policy  moneys  as  on  a  succession  from  the  uncle  ? 

"  Yes",  said  Mr.  Justice  Eowlatt,  on  the  facts  which  were 
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shortly   as  follows :     The  intended   husband   entered   into   an 
agreement  which  provided  inter  alia  that  he  should  effect  a 
pohcy  on  his  life  for  £2,000  upon  which  the  husband  of  an  aunt 
of  the  wife  agreed  to  pay  the  first  and  all  other  premiums  as  they 
should  become  due  during  the  joint  lives  of  the  husband  and 
wife.     The  uncle  paid  the  first  premium  before  the  Marriage 
Settlement  was  made  and  continued  to  pay  the  premiums  down 
to  the  time  of  his  death  after  which  the  premiums  were  paid  by 
his  executors  until  the  death  of  the  husband,  who  had  survived 
Ms  wife.     The  Crown  claimed  that  on  the  death  of  the  husband 
Succession  Duty  became  payable  by  the  Defendant,  who,  in  the 
meantime,     had    been    appointed    Trustee    of    the    Marriage 
Settlement,  as  on  a  succession  from  the  uncle  by  virtue  of  the 
disposition  made  by  the  Settlement.  In  giving  judgment  for  the 
Crown,  Rowlatt,  J.,  said  :    "A  certain  policy  of  insurance  on 
"  the  life  of  the  Rev.  J.  Hart  Davies,  which  had  been  effected  by 
'■  him  in  contemplation  of  his  approaching  marriage,   and  on 
"  which  the  first  premium  had  been  paid  by  Sir  M.  J.  Cholmele}-. 
'■  an  uncle  of  the  intended  wife,  was,  by  the  marriage  settlement, 
'■'  assigned  uj^on  the  trusts  therein  declared  in  favour  of  the 
'■  husband,    wife   and   children    of   the    marriage,    and    all   the 
"  subsequent  premiums  on  the  policy  have  been  paid  by  the 
'■  uncle  or  his  executors  ;    and,  the  husband  having  died,  the 
■■  question  is  whether  the  trustee  of  the  settlement  on  behalf  of 
"  the  beneficiaries  takes  the  pohcy  moneys  from  the  husband  or 
"  from  the  uncle  as  '  predecessor  '  within  the  meaning  of  s.  2  of 
'•  the  Settlement  Duty  Act,  1853.     That  section  enacts  :    '  the 
"  '  term    "  predecessor ''    shall    denote    the    settlor,    disponer. 
"  '  testator,  obhgor,  ancestor,  or  other  person  from  whom  the 
'■  ■  interest  of  the  successor  is  or  shall  be  derived.'     I  apprehend 
"  that  where  the  subject  matter  to  which  the  successor  becomes 
"  entitled  is  of  a  permanent  and  pre-existing  kind  such  as  land 
"  or  funds,  the  words  '  from  whom  the  interest  of  the  successor 
"  '  is  or  shall  be  derived  "  point  to  the  person  whose  property  it 
'■  was  before  the  settlement  was  made  under  which  the  interest 
"  of  the  successor  arises,  and  who  brought  it  into  settlement. 
"  In  the  present  case,  the  subject  matter  with  which  we  are 
"  dealing  is  a  policy  of  life  assurance,  which  only  comes  into 
"  existence  when  it  is  taken  out,  and  the  value  of  which   is 
"  reckoned  on  a  calculation  of  the  time  that  will  elapse  and  the 
"  premiums  that  will  be  paid  before  the  death  happens,  and  is 
'■  always  fixed,  subject  to  any  profit  that  may  be  declared  upon 
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■  the  policy.     lu  spite,  however,  of  the  fact  that  a  policy  of 

■  insurance  is  a  subject-matter  of  a  peculiar  nature,  if  it  can  be 

■  found  that  it  belonged  to  some  person  before  the  settlement, 
■'  and  that  he  settled  it,  I  take  it  that  without  doubt  the  person 
■■  would  be  the  '  predecessor  '  conteniplatei  by  the  section. 

"  It  has  been  argued  on  behalf  of  the  Crown  that  Sir  M.  J. 
"  Cholmeley  was  the  person  whose  property  this  policy  was 
■■  before  the  settlement,  and  who  in  effect  settled  it,  inasmuch 

■  as  he  paid  the  first  premium  upon  the  policy  before  the 
■■  settlement  was  made,  and  all  the  subsequent  premiums. 

"  On  the  other  hand  it  has  been  argued  on  behalf  of  the 

■  defendant,  that  Mr.  J.  Hart  Davies,  the  husband,  was  the 
■■  person  to  whom  the  policy  belonged  and  who  brought  it  into 
■"  settlement,  inasmuch  as  he  personally  made  the  contract  with 
■"  the  insurance  company,  and  the  policy  was  effected  in  his 
■"  name,  and  formally  assigned  by  him  to  the  trustees  of  the 
■'■  settlement. 

"  I  think  that  it  is  quite  clear  that  in  cases  of  this  land  one 

■  ought  to  look  at  the  substance  and  not  merely  at  the  form  of 

■  the  transaction.  One  has  to  find  out  the  person  from  whom 
■■  the  property  really  comes  into  the  settlement ;  and  the 
■■  machinery  by  which,  or  the  name  under  which,  it  is  passed 
"  into,  or  through  the  course  of,  the  settlement  makes  no 
"  difference. 

"  The  contention  on  behalf  of  the  Crown — namely,  that  the 
■■  policy,  was  the  property  of  Sir  M.  J.  Cholmeley,  because  he 
"  paid  the  first  premium — appears  to  me  to  be  attended  by 
''several  difficulties.  One  of  these  is  that  it  impHes  that 
"  Sir  M.  J.  Cholmeley  must  have  enjoyed,  at  least  for  the  first 
"  period  of  its  existence,  an  insurance  upon  a  life  in  which  he 
"  had  no  insurable  interest.  Another  is  that  this  pohcy  was 
"  created  not  only  by  the  money  of  Sir  M.  J.  Cholmeley,  which 
■■  paid  the  premiums,  but  also  by  the  acts  of  the  husband  in 
"  making  the  application  for  the  poHcy  and  attending  to  be 
'■  examined  in  respect  of  it.  Nor  do  I  think  that  the  contention 
"  on  behalf  of  the  defendant,  that  the  pohcy  was  the  property 
'■  of  the  husband  before  the  settlement,  is  free  from  objection. 
'■  If  it  was  his  property,  then,  supposing  that  he  had  died  before 
"  the  execution  of  the  settlement,  his  executors  would  have 
'"  taken  the  policy  moneys  simply  as  being  property  which  he 
'■  himself  had  provided  without  having  derived  it  from  any 
"  predecessor.     I   suppose,   indeed,   that  the  defendant  would 
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"  have  to  go  even  further  and  maintain  that  immediately  after 
Sir  M.  J.  Chohneley  had  paid  the  first  premium  on  the  taking 
out  of  the  policy,  the  husband  ■would  have  been  entitled  to  go 
to  the  office  of  the  insurance  company,  and,  with  or  without 
consideration,  to  surrender  the  policy,  or  to  assign  it  to  another 
person.  He  could  only  be  entitled  to  do  that  on  the  theory 
that  he  had  received  a  gift  of  the  first  premium  from  Sir  M.  J. 
Cholmeley.  It  does  not  appear,  however,  that  he  did  receive 
the  first  premium,  or  that,  if  he  had  immediately  surrendered 
"  or  assigned  the  policy,  Sir  M.  J.  Cholmeley  could  not  have 
"  recovered  back  the  amount  of  the  first  premium,  not  perhaps 
"'  as  money  paid  on  a  consideration  which  had  failed,  because  the 
"  consideration  had  not  failed,  but  at  all  events  as  money  lent. 

"  The  true  position  appears  to  me  to  be  this  :  Mr.  Hart 
*'  Davies  applied  for  the  policy  and  was  examined  with  reference 
■'  to  it,  but  he  only  did  so  upon  the  footing  that  Sir  M.  J. 
"  Cholmeley  was  going  to  pay  the  premium  ;  and  Sir  M.  J. 
'■■  Cholmeley  paid  the  premium,  but  he  only  did  so  upon  the 
"  footing  that  ]\lr.  Hart  Davies  had  taken  the  policy  out  in  his 
"  own  name  and  was  going  to  settle  it  for  the  benefit  of  his  wife 
"and  the  children  of  the  marriage.  It  therefore  seems  to  me 
"  that  this  poUcy  never  had  a  moment's  existence  as  the  free 
"  property  of  either  of  these  gentlemen.  Moreover  the  object 
"  for  which  the  policy  was  brought  into  existence  by  the 
"  co-operation  of  these  two  persons  was  that  it  might  be  included 
"in  the  marriage  settlement,  and  whoever  could  legallv  deal 
"  with  it  as  a  matter  of  form,  it  was  subject  to  a  trust  to  go  into 
"  that  settlement.  If,  after  the  policy  had  been  effected,  the 
'■  settlement  had  been  made,  but  the  marriage  had  not  taken 
■■  place  owing  to  the  previous  death  of  either  party,  or  from  some 
"  other  cause,  the  poficy  would  no  doubt  have  passed  to  the 
'"  intended  husband  or  his  executors,  but  it  would  have  so  passed 
'  ■  under  the  trusts  of  the  settlement,  and  not  by  virtue  of  its 
■  being  his  independent  property.  If  the  settlement  had  never 
■■  been  made  by  reason,  for  example,  of  the  previous  death  of 
'■  the  intended  husband,  the  poHcy  moneys  would  have  gone  to 
"  his  executors,  but  that  result  would  have  followed  because  it 
would  have  been  necessary  to  deal  with  these  moneys  as  if 
■'  the  settlement  had  been  made,  and  not  because  the  policy 
•'  had  belonged  absolutely  to  the  intended  husband.  And  if  the 
"  settlement  had  nev^er  been  made,  not  because  of  the  death  of 
"  the  intended  husband,  but  because  the  marriage  went  oft',  it 
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"  may  be  that  in  that  case,  as  in  the  last-mentioned  case,  the 
*'  husband  would  have  got  the  policy,  or  it  may  be  that  Sir  M.  J. 
■'  Cholmeley  would  have  had  the  right  to  claim  it.  In  no  case, 
"  however,  do  I  thiak  that  the  poUcy  after  it  was  taken  out  and 
'■  before  the  settlement  was  executed,  would  have  been  the  free 
'■  property  of  either  party,  because  the  difficulty  of  accepting 
"  either  view  appears  to  me  to  be  insurmountable.  I  therefore 
'■  think  that  I  ought  to  regard  the  policy  in  question  as  having 
"  been  created  for  the  purpose  of  the  marriage  settlement 
"  eodem  instanti  with  the  settlement,  and  as  a  thing  which  had 
"  no  existence  antecedent  to  the  settlement.  That  is  what  it 
''  is  ia  substance,  and  it  is  to  its  substantial  nature  that  I  ought 
"  to  look. 

"  In  these  circumstances  I  have  to  find  out  who  is  the 
"  '  predecessor '  from  whom  the  policy  has  been  derived  by  the 
"  persons  entitled  to  it  under  the  settlement.  I  have  come  to 
"  the  conclusion  that  I  ought  to  hold  that  the  policy  has  been 
"  derived  from  Sir  M.  J.  Cholmeley.  The  essential  fact  is  that 
"  the  value  of  the  policy  is  due  to  the  money  which  he  put  into 
"  it,  the  amount  having  been  based  beforehand  upon  the  prospect 
"  of  Ufe  of  the  person  insured.  The  poUcy  moneys  correspond 
*'  to  the  premiums  paid  by  him  during  the  time  of  the  insured's 
"  Ufe.  In  short,  if  I  may  so  express  it,  the  whole  financial 
"  source  of  the  pohcy  and  of  the  policy  moneys  was  in  this  case 
"  Sir  M.  J.  Chohneley." 


Is  the  Jiolder  of  a  policy  payable  at  the  end  of  a  term 
Paddy  ^1  y^^yg^  ^f,j^Q  j^^g  mortgaged  certain  property  to  the 

Clntton  .       ■  7  •  7  7  •  7  I 

(1920, 2  ch.  554  uisurance  company,  charging  the  policy  by  ivay  of 
collateral  security,  the  insurance  company  having 
subsequently  sub-mortgaged  the  property  to  a  third 
party  and  afterwards  gone  into  liquidation,  entitled  to 
set  off  the  value  of  the  policy  against  the  amount  due  to 
the  sub-mortgagee  in  the  event  of  his  desire  to  redeem  ? 

"  No",  said  Russell,  J.,  in  a  case,  the  circumstances  of  which 
were  as  follows  :  Paddy  owned  certain  freehold  property  and  in 
1906  took  out  a  pohcy  of  assurance  with  a  company  for  £400  to 
be  paid  at  the  end  of  28  years.  In  1907  he  conveyed  the  property 
by  way  of  mortgage  to  the  company  to  secure  £320  and  interest 
and  charged  the  policy  by  way  of  collateral  secruity.     In  1907 


500  Legal  Notes.  [Oct. 

by  an  indenture  of  sub-mortgage  supplemental  to  the  mortgage 
the  company  assigned  to  Glutton  a  sum  of  £320  then  due  under 
the  mortgage  and  interest  to  become  due,  with  pro\dso  for 
redemption.  In  1909  the  business  and  assets  of  the  company 
were  taken  over  by  the  National  Standard  Life  Assurance 
Corporation.  On  25  May  1916  Glutton  died.  On  6  June  1916 
an  order  was  made  for  winding  up  the  corporation  and  its  assets 
were  insufficient  for  payment  of  its  debts  in  full.  On  29  June 
1916,  Glutton's  executors  gave  Paddy  notice  of  the  sub-mortgage 
and  the  latter  thereafter  paid  the  interest  to  the  executors.  On 
17  January  1920,  Paddy  who  desired  to  redeem  the  property 
tendered  to  the  executors  £200,  being  £325  due  on  the  mortgage  for 
principal  and  interest  less  £125  at  which  sum  the  policy  had  been 
valued  in  the  winding-up  imder  the  Assurance  Companies  Act,  1909. 
The  tender  was  refused  and  Paddy  obtained  leave  to  commence 
an  action  for  a  declaration  that  he  was  entitled  to  set  off  a  sum 
of  £125  against  the  amount  due  under  the  mortgage  and  for 
redemption.  In  giving  judgment  Russell,  J.,  said  that  "  at  the 
"  date  of  the  winding  up  the  pohcy  had  not  matured  or  become  a 
■■  claim,  and,  the  value  of  the  policy  or  the  hability  under  it 
■■  ha\'ing  since  been  ascertained  and  not  disputed,  the  plaintifi 
■"  was  bound  by  the  valuation  and  had  become  a  creditor  of  the 
■■  corporation  for  £125  4s.  The  plaintiff's  claim  arises  by  ^drtue 
■■  of  the  provisions  of  the  Bankruptcy  Act,  1914,  which  by 
"  s.  207  of  the  Companies  (ConsoHdation)  Act,  1908,  are  made 
■■  apphcable  to  the  winding  up  of  an  insolvent  company."  (His 
Lordship  read  s.  30,  sub-ss.  1  and  3).  "  So  in  this  case  the 
■■  liability  of  the  corporation,  being  a  Habihty  future  or 
■■  contingent,  is  to  be  deemed  to  be  a  debt  provable  in  the  winding 
■■  up."  (His  Lordship  read  sub-ss.  4  and  8  (6)  (c).  '•  By  ha\'ing 
"  resort  to  those  provisions  the  £125.  4s.,  the  value  of  the 
■■  corporation's  liabihty,  is  arrived  at  and  admitted.  Then  s.  31 
"  provides  for  cases  of  mutual  credit  and  set-off,  so  as  to  prevent, 
■■  where  something  is  due  on  either  side,  one  party  from  receiving 
"  his  amount  in  full  "^^thout  giving  credit  to  the  other."  (His 
Lordship  read  s.  31  to  '  respectively  ').  "  It  is  under  that 
"'  section  that  the  plaintiff  claims.  He  says  that  under  that  he 
'■  is  entitled  to  set  off  his  claim  against  the  corporation's  claim 
■■  against  him.  It  was  contended  also,  on  his  behalf,  that, 
'■'  apart  from  bankruptcy,  he  had  a  common  law  right  to  do  this. 
"  As  to  that  I  do  not  agree  with  him.  In  my  opinion,  his  right 
"'  (if  any)   of  set-off  arises  only  under  the  administration  in 
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'■  bankruptcy.  It  is  well  settled  that  at  common  law  set-oli' 
''  can  only  be  made  available  as  a  plea  in  bar.  Supposing  the 
'■  plaintiff  had  been  sued  for  his  mortgage  debt,  he  could  not 
'■  have  set  off  the  £125.  4s.,  he  would  have  had  only  the  right 
'■  to  counter-claim  for  it,  and  could  get  nothing  in  respect  of  it 
"  till  it  should  be  ascertained  in  the  action  what  the  respective 
'■  rights  were.     Till  then  he  would  have  no  right  of  set-off. 

■"  ^\^lethe^  the  plaintiff  has  any  right  of  set-off  in  the 
'■'  winding-up  against  the  defendant  corporation  would  be  a 
'■  difficult  question  to  answer,  having  regard  to  the  state  of 
"  the    authorities,    in    the    absence    of    any    decision    expresslv 

"  covering   the    case I    will   refer    first    to   Lee    & 

"  Chapman's  Case So  far,  Lee  d-  Chapman's  Case 

"  shows  that  in  order  to  be  able  to  set  off  it  is  not  necessary 
"  that  the  claim  should  be  a  legal  debt,  but  it  is  sufficient  if  the 
'"  claim  which  it  is  sought  to  set  oft'  is  a  right  which  could  be 

'■  proved  in  the  winding-up Ex  parte  Price  is    just 

'■  like  the  present  case.  It  dealt  with  a  poHcy  which  was  current 
'■  at  the  crucial  date.  It  was  Like  the  present  case  also  in  this, 
'■  that  the  person  claiming  to  set  oft'  was  claiming  in  respect  of 
■■  a  mortgage  transaction.  It  was  a  case  before  James  and 
'■  MeUish,  L.JJ.  It  has  never,  so  far  as  I  know,  been  questioned 
'"  in   any   reported   case.     It   has   been   cited   without   adverse 

■  comment  by  many  text-writers,  though  one  or  two  suggest 

■■  that  it  might  not  be  followed In  Eo:  parte  Price 

"  Dr.  Edwin  Lankester  was  the  holder  of  four  policies  of  assurance 

■  on  his  own  life  in  the  English  Widows'  Fimd,  which  was 
"  amalgamated  with  the  European  Life  Assurance  Society,  for 
"  sums  amoimting  altogether  to  £1,049.  In  November  1865, 
'■  he  borrowed  £140  from  the  European  Societv,  after  the 
'■  amalgamation,  on  the  security  of  the  policies.  He  thus 
"  became  debtor  to  the  assurance  society,  which  held  as  securitv 
■■  the  policies  on  his  life.  On  12  January  1872  the  two  companies 
"  were  ordered  to  be  wound  up,  and  their  affairs  were  afterwards 
■■  referred    to    arbitration    under    a    private    Act,    and    official 

■  liquidators  were  appointed  by  the  arbitrator.  By  clause  6  of 
■■  the  private  Act  the  arbitrator  had  power  to  value  and  estimate 
■■  any  liabilities  or  claims,  whether  present,  future,  liquidated, 
■■  contingent,  or  otherwise,  and  '  liability  '  as  defined  bv  clause  2 
'■  of  the  Act  included  '  policy and  any  liability,  present, 

future,  liquidated,  contingent,  or  other,  on  or  in  respect  of 
"  ■  a  policy.'     Under  that  Dr.  Lankester 's  policies  were  valued 

VOL.    1,1  [.  2   X 
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"  at  £446.  8s.  and  dividends  amounting  to  £66.  I9s.  had  been 
"  declared  on  this  sum,  being  at  the  rate  of  Ss.  in  the  pound. 
"  So  Dr.  Lankester  would  receive  only  £66.  196".  On  28  Marcli 
"  1872,  Dr.  Lankester  filed  a  petition  for  liquidation,  and  on 
"  1  Mav  his  creditors  agreed  to  accept  a  composition,  and  a 
"  trustee  was  appointed.  Dr.  Lankester  died  in  1874,  and  his 
"  estate  was  insolvent  and  expected  to  pay  10s.  in  the  pound. 
"  The  official  liquidators  sought  to  prove  against  his  estate 
"  under  the  composition  for  £140  and  interest,  but  the  trustee 
"  claimed  a  right  to  set  ofi  against  the  demand  the  sum  of 
"  £446.  8s.  at  which  the  policies  had  been  valued,  and  to  prove 
''  for  the  balance  against  the  estate  of  the  European  Society 
■'  under  the  arbitration.     The  Registrar  allowed  the  set-off  and 

■'  the  official  liquidators  appealed  from  that  decision 

'■'  The  Court  of  Appeal  held  there  could  be  no  set-off  allowed. 

"  James,  L.J.,  said  :    '  I  am  of  opinion  in  this  case  that  the 

"  '  official  hquidators  under  winding  up  are  clearly  entitled  to 

"  '  prove    for    the    debt    simpliciter    against    the    estate    of 

"'■'  '  Dr.    Lankester.     There    is    no    right    of    set-off    imder    the 

"  "  Companies  Act " — that  was  true  at  that  time — '  except  that 

*■  'of  the  common  law  right  of  set-off,  which  would  be  allowed 

"  '  in  an  ordinary  action  at  law.     That  being  so,  according  to 

"  '  my  view  there  is  no  set-off  against  the  claim  of  Dr.  Lankester's 

"  '  trustee  under  the  winding  up  in  favour  of  the  Hquidators. 

"'  '  Nor,  on  the  other  hand,  is  the  trustee  entitled  to  a  set-off  in 

"  '  bankruptcy  against  the  claim  of  the  liquidators.'     He  is  not 

"  saying  there  is  no  set-off  at  all  but  he  is  contrasting  the  two 

"  cases.     '  The  mutual  credit  clause  in  the  Bankruptcy  Act,  1869, 

"  '  enlarged  by  these  words.   "  Mutual  dealings,"  still  requires 

"'  '  that  there  must  be  something  of  an  account  to  be  taken  of 

"  '  what  is  due  upon  the  one  side  and  what  is  due  upon  the 

"  '  other  ' — i.e.,  there  must  be  something  of  a  nature  on  which 

^'  an  account  can  be  taken.     '  In  that  sense  there  never  was 

"  '  anything   due   from   the   insurance   company   in   which   an 

'■'  ■'  account  could  be  taken.     It  is  impossible  to  say  what  was 

"  ■  due  upon  the  poHcy  when  the  winding  up  commenced,  any 

"  '  more  than  that  on  a  subsequent  occasion  some  valuation  had 

""  '  been  put  upon  the  policy,   and  that  a  dividend  had  been 

"  '  ordered  to  be  paid  upon  it  under  the  winding  up.'     That  is 

"  exactly  applicable  to  the  present  case.     '  But  that  cannot 

*'  '  make  it  a  thing  which  was  due  by  reason  of  mutual  dealings 

■■  ■  and  transactions  between  the  parties,  and  you  can  by  no 
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^'  '  possible  construction  of  the  clause  bring  this  in  as  a  debt 
'■'  '  due  on  the  one  side  to  be  set  off  against  a  debt  due  on  the 

other.  It  is  simply  that  each  party  will  prove  for  what  ho 
"'  '  can.'  The  judgment  of  Mellish,  L.J.,  is  to  the  same  effect. 
"  He  says  :  '  I  am  of  the  same  opinion.  It  is  quite  clear  that  if 
''  '  it  had  been  a  solvent  company  that  had  lent  money  to  the 
"  '  bankrupt,  and  the  company  had  never  stopped  or  been  wound 
"  '  up,  and  the  company  had  come  to  prove  for  the  debt  due, 
"  '  the  trustee  never  could  have  claimed  a  set-off.  There  would 
'■  'have  been  no  cause  of  action  and  no  proof  at  all.     It  does 

not,  in  my  opinion,  make  any  difference  that  the  compan^' 
"'■'  '  is  being  wound  up.' 

"  That  case  was  a  decision  of  the  Court  of  Appeal.  It  is  a 
''  case  which  has  caused  difficulty  in  more  ways  than  one,  and  it 
''  may  not  be  possible  to  justify,  in  view  of  later  decisions,  all 
"  that  is  there  said.  But  it  is  a  decision  which  is  exactly  in 
■'  point.  There  it  was  decided  that,  when  a  policy  holder  in  a 
' "  life  assurance  company  had  borrowed  money  from  the  companv 
■"  on  his  poUcy,  and  before  the  death  of  the  assured  the  company 
"■  was  wound  up  and  an  estimated  value  put  upon  the  policv, 
"  and  afterwards  the  policyholder  filed  a  petition  for  liquidation, 
■'  the  trustee  in  his  bankruptcy  was  not  entitled  to  set  off  the 
"  value  as  ascertained  of  the  policy  against  the  amount  advanced 
■■  by  the  company.  Much  as  I  should  like  to  be  bold  enough 
"  not  to  follow  Ex  parte  Price,  I  feel  bound  to  follow  it.  It  has 
■■'  never  been  adversely  commented  on  judicially.  I  must  hold 
'  ■  that  the  plaintiff  has  not  any  right  of  set-off  as  against  the 
"  defendant  corporation,  and  the  same  result  follows  as  against 
"  the  defendant  corporation's  assignee,  the  sub-mortgagee." 


v"'^  Is  there  a  distinction  between  the  presumption  of  life 

Trastees  of  .  r  .  .  i  t  •         n 

Widows'  Fund,     in  cases  of  contract  and  cases  of  succession  < 

Ac,  of  Edinburgh. 
19211  W.C.  and 
Ins.  Rep.  46. 

"  No,"  said  the  Court  of  Session  in  this  case  which  it  will  be 
recalled  from  the  earlier  report  in  this  Journal  which  wiU  be 
found  in  vol.  lii,  p.  91,  was  for  a  declaration  that  one  David 
Greig,  Junior,  must  be  presumed  to  have  died  prior  to  31  December 
1900.  In  dismissing  the  action  and  refusing  to  allow  a  proof, 
the  Lord  Ordinary  (Blackburn)  said  :  "  The  presumption  at 
■■  common  law  is  that  a  person  who  has  disappeared  is  presumed 

2  X  2 
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'■  to  continue  in  life  until  he  would  have  reached  the  ordinary 
'■  limit  of  human  age.  unless  sufficient  evidence  is  adduced  to 
'■  raise  a  presumption  that  he  has  died  within  that  period." 
From  this  the  pursuer  reclaimed  and  argued  (see  1919  W.C. 
and  Ins.  Kep.  331)  that  in  the  circumstances  the  pursuer  was 
entitled  to  a  proof.  The  Court  of  Session  allowed  the  proof. 
To  the  brief  outline  of  the  facts  given  in  the  earlier  report  in 
this  Journal  it  is  only  necessary  to  add  that  evidence  was  adduced 
of  intemperance  on  the  part  of  Greig. 

After  completion  of  the  proof  Lord  Blackburn  assoilzied 
the  defenders.  "  It  is  apparently  the  first  time,"  he  said,  "  that 
"  an  endeavour  has  been  made  to  elide  the  presumption  of  life 
"  for  the  purpose  of  enforcing  against  a  third  party  a  contract 

"  conditional  upon  the  missing  man's  life In  all  cases 

"  dealing  with  succession the  ultimate  loss,  if  any, 

'■  in  the  event  of  the  reappearance  of  the  missing  man  falls 
"  upon  the  man  himself  who  is  the  person  primarily  responsible 
"  for  the  position  which  has  been  created.  In  a  case  arising 
"  upon  a  contract  with  a  third  party  the  loss,  if  any,  falls 
"  elsewhere." 

The  pursuer  reclaimed  and  argued  that  the  defenders  erred 
in  maintaining  the  presumption  of  life  was  up  to  100  years  and 
that  the  distinction  drawn  by  the  Lord  Ordinary  between  cases 
of  succession  and  cases  of  contract  was  unsound.  The  Court 
of  Session,  bv  a  majority,  drew  from  the  evidence  the  inference 
that  Greig  presumably  died  not  later  than  31  December  1910. 

The  Lord  Justice  Clerk  said  :  "  Treating  the  matter  as  a 
"  jury  question,  which  it  is,  I  think  the  most  reasonable 
"  presumption  is  that  Greig,  who  was  43  in  1900,  and  has  not 
■'  been  heard  of  since  about  that  date  has  been  long  since  dead, 
"  and  that  the  reasonable  result  from  all  the  evidence  is  that  he 

'■  did  not  survive  1910 I  do  not  regard  the  distinction 

'■  the  Lord  Ordmary  takes  as  to  the  presumption  of  Ufe  or  death 
"  between  cases  of  contract  and  cases  of  succession  as  sound. 
"  In  either  case  the  question  is  one  of  fact,  and  the  fact  is  the 
"  same  in  both  classes." 

Lord  Salvesen  in  the  course  of  his  judgment  referred  to 
the  old  rule  of  the  law  of  Scotland  which  was  that  presumption 
of  life  of  a  missing  person  was  so  strong  that  unless  he  had 
attained  a  very  ripe  age,  variously  put  at  80  or  100  years  as 
at  the  date  when  declarator  was  sought  that  he  must  be 
presumed  to  have  died,  he  would  still  be  presumed  to  be  alive 
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"  apart  from  circumstauces  from  wliicli  it  could  be.  inferred 
■'  without  any  reasonable  doubt  that  he  had  in  fact  ceased  to 
'■  live.  That  rule  was  established  when  the  facilities  of  travel 
■■  and  postage,  not  to  mention  advertisement,  were  in  a  backward 

'■  state  compared  with  the  times  in  which  we  now  live 

'"  The  altered  circumstances  of  life  to  which  I  have  referred  have 
"  a  very  direct  bearing  on  the  question  which  has  to  be 
■■  answered." 

A  claim  for  interest  on  the  arrears  found  due  to  the  pursuer 
was  not  allowed. 


Is  a  Trustee  chargeable  with  Income  Tax  on  the 
v!"*  ground  of  his  being  doiniciled  and  resident   in  this 

iwlii^i  A  c  65     country  ivhen  he  is  Trustee  of  fmuls  invested  abroad, 

the  dividends  on  which  are  paid  direct  to  the  beneficiary 

in  a  foreign  country  ? 

"  No,"  said  the  House  of  Lords,  and  in  giving  judgment 
Viscount  Cave  said  :  "In  this  case  the  respondent  company 
"  which  has  its  principal  place  of  business  in  the  City  of  London, 
'■'  is  the  trustee  of  the  will  of  Mr.  J.  P.  Mellor  (deceased)  ;  and 
■■  the  beneficial  tenant  for  hfe  under  the  will  is  Mrs.  H.  P.  !Munthe, 
"  a  Swedish  subject  domiciled  abroad.  The  \\\\\  comprises 
"  foreign  investments ;  and  the  whole  income  from  such 
'■  investments  is  paid  directly  to  Mrs.  ^Munthe  abroad,  no  part 
"  of  such  income  being  remitted  to  this  country.  The  District 
"  Commissioners  of  Taxes  for  the  City  of  London  made 
'■  assessments  upon  the  respondent  company  in  respect  of  foreign 
'■  possessions  of  £2,015  for  the  year  ended  5  April  1915,  and 
"  £2,018  for  the  year  ended  5  April  1916,  these  sums  representing 
'■  the  income  of  the  foreign  investments  above  referred  to. 
■■  But  these  assessments  differed  from  those  which  are  in  question 
■■  in  Williams  v.  Singer  in  one  respect — namely,  that  instead  of 
"  being  made  (as  in  that  case)  upon  the  trustees  by  name  without 
■■  reference  to  any  trust,  they  were  made  upon  the  respondent 
■■  company  '  as  trustees  under  the  will  of  J.  P.  Mellor  deceased 
'■  ■'  for  beneficiary  Mrs.  H.  P.  Munthe.'  The  respondent  company 
■■  appealed  to  the  Special  Commissioners,  who  discharged  the 
'■  assessments  ;  and  this  decision  also  has  been  afl&rmed  by 
"  Sankey,  J.,  and  the  Court  of  Appeal,  and  is  the  subject  of 
'■  Appeal  to  this  House.  It  was  decided  in  Colquhoun  v.  Broohs 
"'  that  the  tax  imposed   by  the  Income  Tax  Acts,  1842  and 
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"  1853  (Sell.  D.  Cases  4  and  5),  upon  the  income  from  foreign 
"  securities  and  possessions  was  leviable  upon  so  much  only  of 
"  that  income  as  was  remitted  io  the  United  Kingdom.  But 
'■  that  limitation  was  to  some  extent  abrogated  bv  s.  5  of  the 
'■  Finance  Act,  1914.  Avhich  (so  far  as  material  in  this  appeal) 
''is  as  follows  :  '  Income  tax  in  respect  of  income  arising  from 
securities,  stocks,  shares,  or  rents  in  any  place  out  of  the 
United  Kingdom  shall,  notwithstanding  anything  m  the 
rules  under  the  fourth  and  fifth  case  in  section  100  of  the 
Income  Tax  Act.  1842,  be  computed  on  the  full  amount  of 
the  income,  whether  the  income  has  been  or  will  be  received 

in  the  United  Kingdom  or  not and  the  provisions 

of  the  Income  Tax  .Vets  (including  those  relating  to  returns) 

shall  apply  accordingly Provided  that  this  section 

shall  not  apply  in  the  case  of  a  person  who  satisfies  the 
Commissioners  of  Inland  Revenue  that  he  is  not  domiciled 
in  the  United  Kingdom  or  that,  being  a  British  subject,  he 
is  not  ordinarily  resident  in  the  United  Kingdom."  "" 
■"It  is  obvious  that,  having  regard  to  the  proviso  to  the 
"  above  section  Mrs.  Munthe,  who  is  domiciled  abroad,  could 
'■  not  have  been  assessed  to  income  tax  in  respect  of  the  foreign 
'■  income  above  referred  to.  But  the  Revenue  Authorities 
'■  contend  that  they  are  entitled  to  \&vy  tax  upon  that  income 
'■  by  means  of  assessments  upon  the  trustees,  who  are  domiciled 
'■  in  this  country.  If  this  contention  is  upheld,  the  trustees 
■'  will  of  course  be  entitled  to  retain  the  tax  so  paid  out  of  the 
"  trust  income  payable  to  the  beneficial  life  tenants,  who  will 
"  thus  have  to  bear  the  burden  of  the  tax  from  which  the  proviso 
"  appears  to  relieve  them  ;  but  the  appellants  contend  that  this 
'■  is  the  efi'ect  of  the  statutes.  The  question  to  be  determined 
'■  is  whether  they  have  that  effect. 

■'  In    support    of    the    above    contention    counsel    for    the 

'■  appellants  rehed  principally  upon  the  language  of  Sch.  D.  to 

'"  the  Income  Tax  Act,  1853,  Avhich  provides  that  the  duties 

'■  thereby  imposed  are  to  be  deemed  to  be  granted  and  made 

"  payable  '  for  and  in  respect  of  the  annual  profits  or  gains 

arising  or  accruing  to  any  person  residing  in  the  United 

Kingdom   from    any   kind   of   property    whatever,    whether 

situate  in  the  United  Kingdom  or  elsewhere/  and  upon  the 

"  first  general  rule  in  s.  100  of  the  Income  Tax  Act,  1842,  which 

"  provides  that  the  duties  upon  profits  imposed  by  Sch.  D  are 

'■  to   be   charged    on   and  paid   by   the   persons    '  receiving    or 
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'■  '  entitled  unto  *  such  profits  ;  and  they  contended  that  as  the 
"  mcome  in  question  in  the  cases  under  appeal  '  accrued  '  to  the 
"  trustees  as  the  legal  holders  of  the  investments,  and  the  trustees 
'■  are  the  persons  legally  '  entitled  '  to  receive  it,  they  are  the 
"  persons  chargeable  under  the  Act.  Indeed,  I  understood 
''  Mr.  Cunliffe  to  go  so  far  as  to  say  that,  when  funds  are  vested 
'"'  in  trustees,  the  revenue  authorities  are  entitled  to  look  to 
'■  those  trustees  for  the  tax.  and  are  neither  bound  nor  entitled 
'■'  to  look  beyond  the  legal  ownership. 

■  I  think  it  clear  that  such  a  proposition  cannot  be 
"  maintained.  It  is  contrary  to  the  express  words  of  s.  42  of 
'■  the  Income  Tax  Act,  1842,  which  provides  that  no  trustee  who 
'■  shall  have  authorized  the  receipt  of  the  profits  arising  from 
'■  trust  property  by  the  person  entitled  thereto,  and  who  shall 
'■  have  made  a  return  of  the  name  and  residence  of  such  person 
■  ■  in  manner  required  by  the  Act,  shall  be  required  to  do  any  other 

"  act  for  the  purpose  of  assessing  such  person 

''  The  fact  is  that  if  the  Income  Tax  Acts  are  examined,  it 
"  wiU  be  found  that  the  person  charged  with  the  tax  is  neither 
'■'  the  trustee  nor  the  beneficiary  as  such,  but  the  person  in 
'■  actual  receipt  and  control  of  the  income  which  it  is  sought  to 
"  reach.  The  object  of  the  Acts  is  to  secure  for  the  State  a 
"  proportion  of  the  profits  chargeable  and  this  end  is  attained 
"■  (speaking  generally)  by  the  simple  and  eft'ective  expedient  of 
"  taxing  the  profits  where  they  are  found.  If  the  beneficiary 
'  receives  them  he  is  liable  to  be  assessed  upon  them.     If  the 

■  trustee  receives  and  controls  them,  he  is  primarily  so  liable. 
'  If  they  are  under  the  control  of  a  guardian  or  committee  for 
'  a  person  not  sui  juris  or  of  an  agent  or  receiver  for  persons 
"  resident  abroad  they  are  taxed  in  his  hands.     But  in  cases 

■  where  a  trustee  or  agent  is  made  chargeable  with  the  tax  the 

■  statutes  recognize  the  fact  that  he  is  a  trustee  or  agent  for 
'  others  and  he  is  taxed  on  behalf  of  and  as  representing  his 
'  beneficiaries  or  principals.  This  is  made  clear  by  the  language 
■'  of  many  sections  of  the  Act  of  1842.  For  instance,  s.  41 
'  provides  that  a  person  not  resident  in  Great  Britain  shall  be 
'  chargeable  '  in  the  name  of '  his  trustee  or  agent.     Sect.  44 

■  refers  to  the  trustee  or  agent  of  any  person  as  being  assessed 
'  ■  in  respect  of '  such  person,  and  gives  him  a  right  to  retain 
'  the  tax  out  of  any  money  of  such  person  coming  to  his  hands. 
'  Sect.  51,  under  which  trustees  and  others  are  bound  to  make 

■  returns,  refers  to  the  event  of  the  beneficiary  being  charged 
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"  either  '  in  the  name  of  '  the  trustee  or  other  person  making  the 
"  return,  or  in  his  own  name.  Sect.  53  refers  to  the  trustee  or 
"  agent  as  being  charged  '  on  account '  of  the  beneficiary  ;  and 
'■  similar  expressions  are  found  in  other  sections.  In  short,  the 
"  intention  of  the  Acts  appears  to  be  that  where  a  beneficiary  is 
"  in  possession  and  control  of  the  trust  income  and  is  sui  juris., 
"  he  is  the  person  to  be  taxed  ;  and  thafr  while  a  trustee  may  in 
"  certain  cases  be  charged  with  the  tax,  he  is  in  all  such  cases 
"to  be  treated  as  charged  on  behalf  or  in  respect  of  his 
"  beneficiaries,  who  will  accordingly  be  entitled  to  any  exemption 
''  or  abatement  which  the  Acts  allow. 

"  Applying  the  above  conclusions  to  the  present  case,  it 
"  follows  Lu  my  opinion,  first,  that  the  respondent  trustees,  who 
"  have  directed  the  trust  income  to  be  paid  to  the  beneficial 
'■  tenants  for  hfe  and  themselves  receive  no  part  of  it,  are  not 
"  assessable  to  tax  in  respect  of  such  income ;  and  secondly. 
"  that  even  if  they  were  so  assessable,  they  Avould  be  assessable 
"  as  trustees  on  behalf  of  the  life  tenants,  who  would  accordingl}^ 
"  be  entitled  to  the  benefit  of  the  exemption  contained  in  the 
"  proviso  in  s.  5  of  the  Finance  Act,  1914.  The  assessments  in 
"  question  in  Pool  v.  Royal  Exchamje  Assurance  Company, 
"  which  were  made  upon  the  respondents  as  trustees  for  the 
"  beneficiary  Mrs.  Munthe,  and  were  probably  so  made  with 
"  reference  to  ss.  41  and  108  of  the  Act  of  1842,  support  this 
"  view  of  the  Acts 

"  The  above  conclusion  is  supported  by  the  consideration 
"  that  under  the  express  words  of  s.  5  of  the  Finance  Act.  1914, 
"  a  person  thereby  charged  with  tax  is  authorized  to  deduct 
"  from  the  taxable  income  '  any  amiuity  or  other  annual  payment 
'■  '  payable  out  of  the  income  to  a  person  not  resident  in  the 
"  '  United  Kingdom.'  It  is  difficult  to  believe  that  it  was  the 
'■  intention  of  the  Legislature,  while  exempting  from  the  tax  any 
"  definite  part  of  the  income  which  is  payable  to  a  person  abroad, 
'■  to  impose  the  tax  upon  the  whole  income  when  so  payable.*' 

Has  the  omission  of  the  words  ""'  at  law  or  in  equity  " 

steel  Wing  Co..    jrom  thc   Companies  (Consolidation)    Act,  1908.  and 

.1921)  ich.  349     tJie  Bankruptcy  Act,  1914,  deprived  the  Assignee  of  a 

definite  part  of  a  debt  of  the  right  to  present  a  uinding 

up  petition  under  the  Companies  Act  '^ 

"No'",    said    P.  0.  Lawrence,   J.      P  held    the    controlling 
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interest  in  a  company  to  which  he  had  made  advances  in  respect 
of  which  the  company  was  largely  indebted  to  him.  P  transferred 
the  whole  of  his  shares  and  assigned  the  whole  of  his  debt  to 
M.  The  assignment  was  effected  by  a  document  which  set  out 
particulars  showing  a  balance  of  £4,632  and  proceeded  '"  and  it 
"  is  this  balance  that  P  hereby  transfers  to  M  for  his  own 
*'  benefit."  The  assignment  was  brought  to  the  attention  of  the 
company  by  M  and  part  of  the  debt  was  repaid.  At  a  later 
date  M  assigned  to  one  Lord.  "  an  equal  half  part  of  the  sum 
''  of  £4,632,  &c."  Notice  in  writing  of  this  assignment  was 
given  to  the  company  and  at  the  same  time  the  company  w*as 
required  to  pay  the  one  half  of  £4,632  and  made  default  in 
pajnnent.  Giving  judgment,  P.  0.  Lawrence,  J.,  said  :  "  The 
■"'  main  question  arising  on  this  petition  is  whether  or  not  the 
"  petitioner,  Frederick  Thomas  Lord,  the  assignee  of  a  definite 
'"  part  of  a  debt  owing  by  the  company,  is  a  creditor  of  the 
'■  company  entitled  to  present  a  winding  up  petition  within  the 
"  meaning  of  s.  137  of  the  Companies  (ConsoHdation)  Act,  1908. 

"  The  next  point  taken  by  the  company  is  that  the 

''  deed  of  30  July  1920  did  not  operate  to  pass  to  the  petitioner 
'■  the  legal  right  to  one  half  of  the  debt  thereby  assigned  on  the 
*'  ground  that  an  assignment  of  part  of  a  debt  is  not  ^vithin 
■'  sub-s.  6  of  s.  25  of  the  Judicature  Act,  1873.  I  am  not  sure 
'■  whether  in  the  circumstances  of  this  case  this  point  really 
"  arises.  I  can  find  no  evidence  that  any  notice  in  writing  of 
*'  the  assigmnent  of  October  1917,  from  Pauling  to  Mooney. 
"  was  ever  given  to  the  company.  It  would  appear  therefore 
"  that  the  legal  right  to  the  debt  never  passed  to  Mooney  and 
^'  that  the  latter  was  only  an  equitable  assignee  and  could  not 
"  confer  upon  the  petitioner  a  legal  right  which  he  (Mooney) 
"did  not  possess.  As,  however,  this  point  Avas  not  taken  by 
■■'  the  company,  I  will  deal  shortly  with  the  question,  which  was 
■'  fully  argued,  whether  an  assigmnent  of  a  definite  part  of  a 
"  debt  is  within  sub-s.  6  of  s.  25  of  the  Judicature  Act,  1873. 

'■  Darling,  J.,  m.  Skipper  v.  HoUoicay  decided  that  such  an 
"  assigmnent  came  within  sub-s.  6.  Bray,  J.,  in  Forster  v.  Baler 
"  dissented  from  this  decision  and  held  that  it  did  not,  and  in 
'■  the  Irish  case  of  Conlan  v.  Carloiv  County  Council,  Gibson  and 
■  Boyd,  J.J.,  concurred  in  the  opioion  of  Bray,  J.  Although 
"'  this  point  has  been  mentioned  on  at  least  two  occasions  by 
*'  members  of  the  Court  of  Appeal  (see  Durham  Brothers  v. 
'"  Rohertson  and  Hughes  v.  Pump  House  Hotel  Company),  there 


5 1 0  Legal  Notes.  [Oct. 

■■  is  no  decision  of  the  Court  of  Appeal  upon  it.  Having 
■"  considered  the  arguments  addressed  to  me  in  the  present  case. 
■■  I  concur  in  the  opinions  of  Bray,  J.  and  Gibson,  J.  In  the 
"  result  I  hold  that  even  if  Mooney  did  acquire  the  legal  right 

■  to  the  debt,  the  deed  of  30  July  1920  did  not  operate  to  pass 
■■  the  legal  right  to  one  half  of  such  debt  to  the  petitioner, 
■"  and  that  the  petitioner    is  not  a  creditor   of  the  company 

•  at  law. 

"  The  next  point  taken  by  the  company  is  that  the  petitioner 
■■  is  not  even  a  creditor  of  the  company  in  equity  and  that  he 
■■  stands  in  no  better  position  than  a  garnishor  of  a  debt  due 
■■  from  the  company  and  consequently  cannot  present  a  winding 
"  up  petition  (see  In  re  Combined  Weighing  and  Advertising 
■■  Machine  Comjxtny).  In  my  judgment  an  assignee  of  part  of 
"  a  debt  stands  in  an  entirely  difEerent  position  from  that  of  a 
■■  garnishor.  A  garnishee  order  does  not  operate  to  transfer 
■■  the  debt  and  does  not  constitute  the  garnishor  a  creditor 
"  either  at  law  or  in  equity  of  the  garnishee.  The  assignment 
■■  of  part  of  a  debt,  however,  operates  in  equity  to  transfer  the 
"■  part  assigned,  and  consequent!}'  in  my  judgment  constitutes 
■■  the  assignee  a  creditor  in  equity  of  the  company  in  respect 
"  of  that  part 

■'■  It  has  been  suggested  that,  by  reason  of  the  omission  from 
'■  s.  130  of  the  Companies  (Consohdation)  Act,  1908,  of  the 
■■  words  '  at  law  or  in  equity  '  which  occurred  in  the  corresponding 
"  s.  80  of  the  Companies  Act,  1862,  the  word  '  creditor '  in 
"  s.  137  of  the  Act  of  1908  ought  to  be  confined  to  a  creditor  at 

■  law.     I hold  that  the  omission  was  not  intended  to 

■■  and  did  not  in  fact,  effect  any  alteration  in  the  law  but  was 
■'  occasioned  solely  because  the  words  '  at  law  or  in  equity  '  had 

■  become  unnecessary  since  the  passing  of  the  Judicature  Acts. 


■  I  am  therefore  of  opinion  that  the  word  '  creditor  in 
s.  137  of  the  Companies  (Consohdation)  Act,  1908,  includes  a 
creditor  in  equity  as  well  as  a  creditor  at  law,  and 
consequenth^  that  a  creditor  in  equity  can  still  petition  for  the 
winding  up  of  a  company." 


Insurance  Co 

NeT  Zealand 
and  Anstraliain 
Land  Co. 
■  1921)  1  A.C.  172 
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Where  a  compamj  has  paid  both  British  and 
fnd*NSi?nir  Colonial  income  taxes  and  a  repayment  has  been  obtained 
under  section  43  of  the  Finance  Act  of  1916,  are 
preference  shareholders,  who  are  entitled  to  a  fixed  rate 
of  interest  from  which  the  full  British  rate  of  income  tax 
has  been  deducted,  entitled  to  share  in  such  repayment  ? 

*'  No  ".  said  the  House  of  Lords,  dismissing  an  appeal  from 
the  Second  Division  of  the  Court  of  Session  in  Scotland,  the 
judgment  of  which  has  already  been  reported  in  this  Journal 
in  vol.  lii,  p.  95,  where  the  full  facts  of  the  case  will  be  found. 

In  gi%'ing  judgment,  Lord  Haldane  said  :  "  The  question 
'■  raised  bv  the  special  case  was  whether  the  full  dividend  of 
'■  4  per-cent,  to  which,  and  to  no  more  than  which,  the  appellants 
"  as  holders  of  preference  shares  in  the  respondent  company 
"  were  entitled,  having  been  paid  in  full,  the  respondents  were 
'■  entitled  to  deduct  the  whole  amount  of  os.  in  the  £  as  income 
■■  tax  for  which  they  were  said  to  be  accountable  under  the 
■■  Finance  Act.  1916,  to  the  Inland  Kevenue  authority  of  the 
■■  United  Kingdom  ;  or  whether  the  appellants  were  entitled,  in 
■■  respect  of  the  preference  shares  on  which  the  whole  of  the 
■■  possible  dividend  to  which  they  were  entitled  had  been  paid, 
'■  to  a  deduction  or  return  to  them,  as  between  themselves  and 
'■  the  respondent  company  and  its  ordinary  shareholders,  of  the 
'■  amount  allowed  by  s.  43  of  that  Act,  an  amount  which  I  may 
'■  for  convenience  treat  as  being  Is.  6d.  out  ot  the  55.  Sect.  43 
'■  is  in  these  terms  :  '  If  any  person  who  has  paid,  by  deduction 
or  otherwise,  United  Kingdom  income  tax  for  the  current 
income  tax  year  on  any  part  of  his  income  at  a  rate  exceeding 
three  shillings  and  sixpence  proves  to  the  satisfaction  of  the 
Special  Commissioners  that  he  has  also  paid  any  Colonial 
income  tax  in  respect  of  the  same  part  of  his  income,  he  shall 
be  entitled  to  repayment  of  a  part  of  the  United  Kingdom 
income  tax  paid  by  him  equal  to  the  difference  between  the 
amount  so  paid  and  the  amount  he  would  have  paid  if  the 
tax  had  been  charged  at  the  rate  of  three  shillings  and 
sixpence  or,  if  that  difference  exceeds  the  amount  of  tax  on 
that  part  of  his  income  at  the  rate  of  the  Colonial  income 
tax,  equal  to  that  amount.' 

"  '  In  this  section  the  expression  "  United  Kingdom  income 
tax"  means  income  tax  charged  under  the  Income  Tax  Acts; 
and  the  expression  '•'Colonial  income  tax"  means  income  tax 
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"  '  charged  under  any  law  in  force  in  any  British  possession  or 
"  '  any  tax  so  charged  which  appears  to  the  Special  Commissioners 
"  '  to  correspond  to  United  Kingdom  income  tax. 

'■  The  respondent  company  carried  on  a  large  part  of  its 
■'  business  in  New  Zealand  and  Australia.  It  earned  profits 
"  there  on  which  Colonial  income  taxes  were  charged.  The 
"  amounts  of  these  Colonial  taxes  were  deducted  by  the 
■'  respondent  company,  just  as  were  general  expenses,  and  what 
"  remained  as  nett  balance  was  remitted  to  Scotland,  where 
■'  the  respondent  company  was  domiciled,  to  be  divided  as 
"  profit  earned  along  with  other  profit  coming  into  general 
'■  revenue  account.  There  is  no  doubt  about  the  hability  of 
"  the  respondent  company  to  United  Kingdom  income  tax  in 
"  respect  of  these  profits,  nor  is  there  any  doubt  about  their 
"  right  to  claim  a  repayment  of  allowance  under  the  terms  of 
"  s.  43  which  I  have  quoted.  The  question  which  arises  is 
"  whether  the  preference  shareholders,  having  received  their 
"  dividends  in  full,  are  entitled  to  claim  against  the  respondent 
"  company,  and  as  between  themselves  and  the  company,  to 
'■'  participate  in  the  allowance  made  by  the  United  Kingdom 
"  authorities  to  the  latter  under  s.  43.  in  respect  of  the  Colonial 
"  taxes  which  had  to  be  paid  in  New  Zealand  and  Australia 
"  before  nett  profits  earned  there  could  be  ascertained  and  sent 
'■  to  Scotland.  Other  questions  might  conceivably  emerge  if 
"  the  preference  shareholder  had  not  received  the  fidl  amount 
'■  to  which  by  their  contract  they  were  entitled.  But  as  they 
■■  have  received  all  that  they  could  possibly  claim  under  that 
"  contract,  the  only  question  that  does  arise  is  whether  they 
"  are  entitled  as  between  themselves  and  the  respondent  company 
"  to  any  allowance  under  s.  43. 

"  My  Lords,  the  answer  to  this  question  depends  on  the 
'■  languafije  of  the  section.  It  will  be  observed  that  the  words 
■■  used  confer  a  right  to  claim  only  on  a  person  who  can  show 
"  that  he  has  paid  Colonial  income  tax  on  the  part  of  his  income 
"  on  which  he  is  taxed  in  the  United  Kingdom.  Speaking  for 
'■  myself,  I  am  wholly  unable  to  understand  how  the  appellants 
"  can  be  truly  said  themselves  to  have  paid  Colonial  income 
"  tax  on  their  preference  dividends.  They  have  received  these 
"  dividends  in  full.  No  doubt  the  respondent  company  paid 
"  Colonial  income  tax  on  the  profits  out  of  the  residue  of  which 
"  the  preference  dividends  have  been  paid.  But  that  did  not 
"  diminish  the  income  of  the  appellants.     They  neither  paid 
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'■  the  tax  themselves,  uor  were  indirectly  subjected  to  it  in  any 
'■  way.  It  is  the  ordinary  shareholders  alone  who  have  lost 
"  by  it,  and  in  a  question  between  the  various  bodies  of 
'■  shareholders  and  the  respondent  company  as  to  how  the 
'■  latter,  who  actually  paid  the  tax,  are  to  account  for  the  amount 
'■  allowed  them  over  here  for  having  paid  it,  I  think  that  as 
'■  against  the  ordinary  shareholders  the  appellants  have  no 
'"  title.  Neither  under  the  language  of  s.  43,  nor  indirectly, 
'■  does  it  seem  to  me  possible  for  them  to  substantiate  a  claim 
'■  based  on  the  words  employed  by  the  Legislature.  The 
■■  appellants  as  preference  shareholders  are  outside  the  legislative 
■■  jurisdiction  of  the  Dominions,  and  are  not  taxed  there.  It  is 
■■  true  that  profits  carried  by  the  respondent  companv  are 
■■  within  that  jurisdiction,  and  are  taxed.  But  the  only  income 
'■  to  which  the  appellants  are  entitled  in  respect  of  their  preference 
■■  shares  has  been  left  undiminished.  It  is  taxed  here  only. 
■■  So  is  taxed  here  the  income  of  the  respondent  company  out 
'■  of  which  it  is  derived.  But  under  the  machinery  of  the  Income 
'■  Tax  Acts  the  amount  of  the  tax  is  exacted  only  once.  The 
■■  appellants  have  to  bear  the  ultimate  burden  of  the  5s.,  and 
■■  they  can  claim  no  allowance  under  s.  43  ;    because  they  have 

■  paid  nothing,  either  directly  or  indirectly,  in  respect  of  which 

■  they  can  claim.     Some  one  else  paid,  and  that  other  person. 

■  the  respondent  corporation,  has  kept  the  appellants  clear  of 
■■  all  deduction  from  their  income  on  that  account. 

'■  The  opinion  which  I  have  thus  expressed  is  not  consistent 
'■  with  the  conclusion  arrived  at  by  Astbury,  J.,  in  Rover  v. 
'■  Sovih  African  Breweries.  But  after  giving  attentive 
'■  consideration  to  the  reasoning  of  the  learned  judge  in  that 
'■  case,  I  am  unable  to  satisfy  myself  with  his  construction  of 
'■  s.  43,  or  to  follow  him  in  his  conclusion.  I  am  therefore  of 
■■  opinion  that  the  decision  of  the  Court  of  Session  in  the  case 
before  us  must  prevail  and  should  be  affirmed." 

Viscount  Finlay,  in  the  course  of  his  judgment,  added  :  "'It 
■■  cannot   be   contended   that  in   paying  the   Colonial   tax  the 

■  company  acted  as  agents  for  the  preference  stockholders. 
■■  The  Colonial  income  tax  had  to  be  paid  in  the  Colony  and  the 
■■  profits  could  not  be  remitted  to  the  United  Kingdom  without 

■  paying  it.  It  stands  exactly  on  the  same  footing  with  am- 
'  expenses  necessarily  incurred  in  the  business  of  the  companv 
■■  in  the  colonies.  The  company,  in  the  conduct  of  its  business, 
'■  acts  as  a  legal  person,  as  a  corporation.     The  different  classes 
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"  of  holders  of  stocks  and  shares  are  entitled  to  share  in  the 
"  profits  in  terms  of  the  articles,  but  the  company  carries  on 
"  its  business  itself  as  the  principal.  As  such,  it  has  paid  the 
"■  Colonial  taxes  and  the  United  Kingdom  income  tax,  and  it 
''  is  the  only  person  entitled  to  claim  and  to  receive  from  the 
"  Commissioners  the  repayment  provided  for  by  s.  13." 


CORRE  SPONDENCE. 


APPROXIMATE    CALCULATION    OF    JOINT-LIFE 
ANNUITY- VALUES. 

To  Ike  Kdilors  of  the  Joiirnal  of  the  Institute  of  Acfii.aries. 

Sirs, — lu  his  interesting  Note  "  On  obtaining  values  of  Lite 
Annuities  at  isolated  rates  of  interest ",  by  means  of  annuities- 
certain  {J  I. A.,  vol.  Hi,  p.  171),  Mr.  E.  H.  liCver  takes  as  his 
example  No.  7  the  calculation  of  the  values  of  a  Jo]  ■.  ill]  and  ajl]  ■  [-^j  at 
5  per-cent,  0'^"'  Table,  having  given  the  corresponding  values  at 
3  per-cent  and  ?)h,  per-cent ;  and  he  states  that  the  examples  are 
chosen  so  that  the  method  may  be  compared  with  that  given  in  the 
memorandum  at  the  end  of  the  British  Offices  Life  Tables  (p.  229 
d  seq).  The  values  found  by  his  method  are  closer  to  the  values 
given  by  a  Hardy  summation  formula  than  those  found  by  the 
official  method  of  interpohited  equal  ages — see  the  British  Ofiices 
Life  Taljles,  pp.  231-2  :  and  on  the  assumption  that  the  values  by 
Hardy's  formula  are  unlikely  to  difter  from  the  true  values  by  more 
than  a  small  third  difierence  error,  Mr.  Lever  regards  his  results  as 
showing  that  his  own  new  method  gives  results  more  accurate  on 
the  whole  than  the  official  method.  In  making  the  assumption  in 
question  he  has,  I  think,  overlooked  the  remarks  made  on  thi>; 
subject  by  the  late  T.  G.  Ackland  (T.F.A.,  vol.  iii,  pp.  309-10), 
where  he  works  out  the  same  and  other  annuity- values  by  a  method, 
due  to  the  late  G.  F.  Hardy,  which  is  rigidly  accurate  except  for 
very  small  errors  in  the  last  place  due  tofirst  difference  interpolations. 
Mr.  Ackland  remarks  that  the  last  mentioned  method  "  gives  results 
which  are  practically  identical  with  those  deduced  by  Mr.  Lidstone's 
approximate  method "'  (i.e.,  the  method  described  in  the 
memorandum  at  the  end  of  the  British  Offices  Life  Tables) ;  "  and  it 
"  will,  I  think,  also  be  found  that  the  results  by  both  methods  are 
"  practically  exact."  Mr.  Ackland  points  out  that  "the  formula  of 
"  approximate  summation  employed  in  this  comparison  (probably 
"  Mr.  G.  F.  Hardy's  formula  39a)  is  not  suitable  for  the  calculation 
'  of  select  annuity-values,  because  none  of  the  terms  of  the  formula 
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"  (excepting  u^  falls  within  the  period  of  selection."  Mr.  Ackland 
tested  the  matter  by  calculating  the  annuity-values  in  question  by 
G.  F.  Hardy's  extended  formula  38,  employing  15  and  17  ordiuates 
respectively,  and  obtained  results  very  close  to  those  found  by  the 
method  he  was  describing  and  to  those  found  hy  the  official  method. 
In  order  to  test  the  matter  still  more  closely  I  have  had  the  annuity- 
values  calculated  at  length  by  the  formula  '^v^tlh-yy  taking  the 
calculations  to  5  decimal  places :  and  the  following  is  a  summary  of 
the  various  results  obtained  : 


Value 


I  F      M  a  F      P 

[40] :  [28]  i  i-M  •■  [Zil 


True 12-605  !         iro62 

By  official  method  (interpolated  equal  ages)  12-603  11-565 

„   Mr.  Lever's  method         ...          ...          ...  12-590  11554 

„    Hardv's  method  as  discussed  by  Aekland  12-606  11-562 
,,   Hardv's  extended  summation  formula  38, 

as  given  by  Acklaud 12-608  '         11-561 


These  results  show  that  the  official  method,  in  the  cases  here 
tested,  give  results  virtually  correct  in  the  3rd  decimal  place,  and 
do  not  support  Mr.  Lever's  remark  that  the  new  method  gives  on 
the  whole  more  accurate  results.  It  seems  desirable  to  correct  this 
misunderstanding,  as  the  method  of  interpolated  equal  ages,  for 
which  I  was  responsible,  has  been  officially  adopted  in  the  British 
Offices  Life  Tables  ;  but  these  remarks  are  not  made  by  way  of 
criticism  of  Mr.  Lever's  new  method,  which  is  ingenious,  and  no 
doubt  quite  sufficiently  accurate  for  most  practical  purposes  -. 
while,  as  he  points  out,  it  has  the  general  advantage  that  it  doe.s 
not  depend  for  its  application  upon  the  existence  of  a  complete 
table  of  joint  life  annuities  at  equal  ages  at  the  rate  of  interest  at 
which  values  are  required. 

1  am,  -Sirs, 

Your  obedient  Servant, 

G.  J.  LIDSTONE. 
Kdinburcf/i, 

September  1921. 
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EXAMINATIUX     I'OK    ADMISSION    TU    THE    ClASS   OF   ASSOCIATE 

(Part  I. — Section  A). 

First  Faper. 

1.  A  sum  of  money  consists  of  coins  of  two  different  denomina- 
tions. If  coins  of  the  highei  denomination  only  had  been  used 
the  total  number  would  have  been  12  fewer  and  if  coins  of  the 
lower  denomination  only  had  been  used  the  total  number  would 
have  been  2|  times  as  many,  while  if  the  numbers  of  the  coins  of 
each  denomination  were  interchanged  the  value  would  be  diminished 
by  one-eighth. 

Find  the  number  of  coins  of  each  denomination  and  the 
ratio  of  the  values  of  the  coins. 

2.  Prove  the  formula  for  the  number  of  permutations  of 
//  different  things  /•  at  a  time. 

Find  the  sum  of  all  iiumbei's  between   100  and   1,000  in 
which  no  digit  occurs  more  than  once. 


ja  +  y 
a 
involving  oi*. 


3.  Expand  \l"^''  in  ascending  powers  of  x  as  far  as  the  term 
V  ft.  -  .r, 


Hence  find  v  I'l  to  five  places  of  decimals. 

4.  Prove  that  the  product  of  any  number  of  positive  quantities 
whose  sum  is  constant  is  greatest  when  the  quantities  are  all  equal. 
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5.  If  A  and  B  are  the  first  two  terms  of  an  Arithmetic 
Progression,  Geometrical  Progression  and  Harmonic  Progression, 
and  X,  y  and  c  are  the  third  terms,  prove  that 

4(^Z/ -  ^~)  (--2/)  =  (:*•-:)  V 

<;.   («)  If  f{x)=-o:"'  +  x~^  +  o~^  + to  X,    find    the  value 

of'^/U-). 

{h)  Find  2(.r+l)!3;. 

a-=l 

7.  A  coin  is  tossed  until  both  heads  and  tails  have  appeared 
twice.  On  an  average  how  many  times  will  the  coin  have  to  be 
tossed  ? 

8.  A  purse  contains  five  half-crowns  and  four  shillings.  A  pavs 
5s.  Zd.  for  the  right  to  receive  the  value  of  three  coins  drawn  at 
random.  Criticize  his  bargain,  and  find  the  chance  that  after  two 
attempts,  the  second  on  the  same  terms  as  the  first,  he  will  be  a 
winner. 

9.  If  a  die  whose  faces  are  numbered  from  1  to  6  is  thrown 
four  times,  what  is  the  probability  that  the  sum  of  the  four  throws 
is  14? 

Second  Paper. 

1.  Obtain  a  formula  for  u^  in  terms  of  central  differences  of  Ho 
as  far  as  the  fourth  difference. 

2.  Prove  that 

/  ^\m  I  iMii-A  m{m—\)i  i\„i-' 

(//  -  1  j    «j.  +  ni{n  -  1.)"     'u^c+i  -I Tz —  ("  -  1)      "i'a-fj  +  .  .  .  +  "x+»i. 

=  n"'u^  +  mn'"  " ^Au^  +  ^^zJ_)  ^'"  - '-^,^„^^  +  .  .  .  +  A'";/,. . 

Hence  find  the  sum  of  the  series 

,2  ,        o2  ,  mim-  l)  oL>  ,  /'  ,  ,  iv--' 

1   +  m  .  2  H p 3  +  .  .  .  +  [ill  +  li  . 

3.  Prove  that,  if  third  differences  are  constant, 

Ux+i  =  -  itix  +  »x+i)  -  7„  (A-»^-i  +  A-»J 
2  lb 

and  hence  complete  the  series  u^  =  139,  u-^  =  375,  itr,  =  787,  v-  =  1,423, 
and  %=  2,331. 

VOL.  LIJ.  2    o 
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4.  Obtain  an  expression  for  the  ^-alue  of  —  a^. 

fix 

Find  the  «th  differential  coefficient  of  /'*"(.'-  '!)-. 

5.  Show   that  there  must  be  a  minimum  xaXixe  between  two 
maximum  values  of  a  rational  algebraic  function  of  one  variable. 

Find  the  minimum  and  maximum  values  of 

6.  Evaluate  (l)    /     ,  ;;^ =^ 

J  J{x^l){x-2) 


J{3x-l){x  +  2)^ 

7.  Show  that  \ii—dx  =  ur-  iv-^dx. 

J     dx  J    dx 

Find  the  value  of  \;r'"^(^"dx. 

.' 0 

8.  Prove  that 


Ujcdx=  "7(5")  +  8»o  -  »-i)  approximately. 
3  12 


If  the  speed  of  a  train  on  a  non-stop  run  is  as  shown  in  the 
table  below,  find  the  approximate  mileage  travelled  l:>etween  12.0 
and  12.30,  using  the  above  formula. 


Time 

Speed  in 
miles  per  hour 

11.50 

12.0 

12.10 

12.20 

12.30 

242 
350 
41-3 
42-8 
39-2 
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Ex.V>riNATIOX    FOR   ADMISSION   TO   THE   ClASS    OF    ASSOCIATE 

(Part  I. — Section  B). 

"A  Short   Collection   of   Actuarial    Tables"  will    he   supplied   for   use  in 
answering  this  Paper. 

1.  If  a  sum  be  accumulated  at  an  efiective  rate  of  interest  of 
5  per-cent  per  annum  for  the  first  15  years,  4J  per-cent  per  annum 
for  the  next  10  years  and  i  per-cent  per  annum  for  the  last  5  years, 
find  the  equivalent  force  of  interest,  assumed  constant,  over  the 
■whole  period  of  30  years.     Given  log;o6=  •4343. 

2.  Find  an  expression  for  the  value  of  an  annuity  for  3h  years 
of  amount  1  at  the  end  of  each  of  the  first  n  years,  2  at  the  end  of 
each  of  the  second  n  years,  and  3  at  the  end  of  each  of  the  third 
n  years,  and  for  the  total  amount  of  capital  redeemed  by  the  end  of 
2n  years. 

3.  A  debenture  for  £10,000  redeemable  at  par  on  1  January 
1921,  bearing  interest  at  7  per-cent  per  annum  payable  half-yearly 
on  1  January  and  1  July,  was  bought  on  1  September  1920  on  a 
basis  to  pay  6  per-cent  per  annum  convertible  half-yearly.  Draw- 
up  a  schedule  showing  the  amount  to  be  written  off  capital  out  of 
■each  interest  pa^inent. 

4.  A  5  per-cent  security,  redeemable  in  10  years  at  105  and 
bearing  interest  (subject  to  income  tax)  half-yearly,  is  issued  at  par. 
If  income  tax  be  taken  at  4s.  in  the  £,  at  what  price  should  a 
4  pex'-cent  security,  bearing  interest  free  of  tax  half-yearly,  and 
redeemable  in  10  years  at  par,  be  issued  to  give  the  same  yield  1 

5.  A  corporation  issues  £100,000  in  bonds  of  £100  each, 
bearing  interest  at  4  per -cent  per  annum  payable  yearly,  redeemable 
by  annual  drawings,  50  bonds  being  drawn  each  year  for  20  years, 
the  bonds  drawn  in  the  nth.  year  being  repayable  at  a  premium 
of  11  per-cent.  If  the  bonds  are  issued  at  a  price  to  yield  5  per-cent 
•on  the  average  find  the  yield  to  the  holder  of  a  bond  drawn  in  the 

17th  year. 

6.  A  Government  makes  an  issue  of  £1,000,000  in  £100  bonds, 
bearing  interest  at  b\  per-cent  payable  annually  and  redeemable  at 
105  by  an  annual  sinking  fund  of  i  per-cent.  What  is  the 
probability  that  the  purchaser  of  a  single  bond  will  realize  at  least 
42  per-cent  on  his  investment  if  he  took  up  his  bond  at  date 
of  issue  at  a  price  of  110  ? 

7.  Tables  are  required  of  f"  and  a,;;  to  4  places  of  decimals 
for  values  of  n  from  1  to  100  at  3 J  per-cent  interest.  How  would 
you  construct  them  ?  State  the  number  of  decimals  you  would 
employ  in  working,  and  the  checks  you  would  apply  to  verify  the 

.accuracy  of  your  results. 

"  2  o  2 
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Examination  for  Admission  to  the  Class   of  Associate 
(Part  II). 

First  Paper. 

"  A   Short   CoUectiou   of   Actuarial   Tables  "  will  Ije    s\ipplied   foi"  use  iu 
answering  this  Paper. 

1.  If  l^■  between  the  ages  of  1  and  11  lie  such  that  it  is  equal 
to  /i(l  -  -log  10^-)  find 

(1)  the  complete  expectation  of  life  at  age  1  during  the 

next  10  years  ; 

(2)  the  average  age  at  death  of  those  who  die  between 

ages  1  and  11  ; 

(3)  the   force    of    mortality   and   central    death    rate    at 

age  6. 

aog,10  =  2-3). 

2.  The  membership  of  an  Old  Boys'  Association  consists  of 
(a)  annual  members  who  pay  an  annual  subscription,  and  {l)  life 
memliers  who  have  commuted  their  subscriptions.     Assuming 

(1)  that    100  new  members  have  joined  each  1  January  at 

exact  age  18  : 

(2)  that,  of  each  year's  entrants, 

10  become  life  members  at  the  outset, 

10  become  life  members  at  exact  age  23, 

one-ninth  of  the  surviving  annual  members  at  age  19 
withdi-aw, 

one-sixteenth  of   the   surviving  annual  members    at 
age  20  withdraw, 

and  there  are  no  other  transfers  of  membershi])  or 
withdrawals  : 

(0)  that  the  mortality  follows  the  H^^  Table  ;  and 

(1)  that  the  Association  has  been  in  existence  20  years 
give  expressions,  as  at  the  end  of  the  twentieth  year,  for  the  number, 
out  of  the  2,000  entrants,  who  have 

(«)  died  as  annual  members, 
{h)   withdrawn  ,, 

[c)  survived  ,, 

('/)  died  as  life  members, 
{e)  survived  „ 

and  prove,  by  addition,  the  accuracy  of  the  exj  ressions  you  give. 
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3.  If  fPf  =1  -cf  for  values  of  t  from  0  to  10.  wliere  r  is  constant, 
find  the  probability  that  the  second  death  amongst  three  persons 
now  aged  x  will  occur  within  10  years  from  now  and  not  more 
than  1  year  after  the  first  death. 

4.  If  f^  =  a  +  bc^  where  a,  h  and  c  are  constants,  Hnd  an 
expression  for  /.,.. 

5.  Compensation  granted  to  a  widow  with  four  children,  aged 
exactly  13,  11,  9  and  7  respectively,  includes  the  payment  of 

OS.  a  week  to  the  eldest  child  until  age  16  or  previous  death  ; 
4s.         „         ,,      second        ,,  „  „  „ 

Ss.        „        „      third 
2s.         „         „■     youngest    „ 

On  the  termination  of  the  weekly  payment  to  any  one  child 
by  death  or  attainment  of  age  16,  the  younger  sur\Ti\'ing  children 
each  receive  Is.  a  week  in  addition  to  their  pre\'ious  allowance 
and  so  on  until  the  last  child  is  in  receipt  of  5s.  a  week. 

Find  the  value  of  the  payments  to  the  children  in  terms  of 
single  life  and  two -life  temporary  annuities. 

6.  The  staff  of  a  company  is  maintained  at  1000  by  a 
uniform  number  of  entrants  each  year  at  exact  age  20.  There  are 
no  withdrawals  except  by  death  and  superannuation  at  age  65. 
Each  member  of  the  stafi  on  entrance  effects  with  a  staff  assurance 
fund,  an  endowment  assurance  for  £200  maturing  at  age  65.  The 
premiums  paid  are  the  H-^'  3  per-cent  net  premiums.  Using  H^^ 
mortality  and  3  per-cent  interest  throughout,  what  will  be  the 
amount  of  the  fimd  when  it  reaches  a  stationary  condition  ? 

Second  Paper. 

"  A    Short    Collection   of   Actuarial    Tables "    will    be   supplied  for  use    iu 
answering  this  Paper. 

1 .  Prove  that  a-c  =  «i-  +  ^^x ' 

and  that  Aj;  =  /m.,/I^ 1-^. 

ax 

2.  If  TTrf;  is  the  net  premium  for  an  annuity  of  1  per  annum 
deferred  t  years  with  the  return  of  the  net  premiums  in  the  event 
of  death  before  the  annuity  commences,  prove  that  the  value  of  the 
contract  at  the  end  of  n  years  from  the  commencement  {n<t)  on  the 
same  basis  as  that  on  which  the  j)remiura  is  calculated  is 


\  TTrA-n      t—n' 


Ti+ii.  t—a 
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3.  Prove  that 

and  give  a  verbal  explanation  of  the  equation. 

What  is  the  corresponding  relation  for  endowment 
assurances  ? 

4.  A  continuous  annuity-certain  to  commence  on  the  death  of 
X  but  in  no  case  to  continue  after  n  years  from  the  present  time, 
is  purchased  by  the  payment  of  premiums  payable  momently  during 
the  lifetime  of  x  within  the  next  n  years.  Assuming  x  to  be  alive, 
give  an  expression  from  which  the  time  when  the  numerical  value 
of  the  net-premium  reserve  will  be  greatest  can  be  ascertained 
approximately. 

5.  Exf>ress  in  the  form  of  an  integral  the  value  of  a  curtate 
annuity  of  1  per  annum  payable  m  times  a  year  to  x,  to  be  entered 
upon  at  the  death  of  ij,  and  thence  show  that  the  value  can  be 
expressed  ap])roximately  in  the  form 

1    .   , 
2m 
Show  also  how  this  formula  should  be  adjusted  to  give  the 
value  of  a  similar  annuity 

{a)   to    be    entered    upon  at    the    death    of  y   and    to    l)e 
apportionable  to  the  death  of  x, 

(b)  with    the  first  payment  due  at  the  end  of  the  year  of 

death  of  y,  the  annuity  to  be  curtate,  and 

(c)  Avitli  the  first  payment  due  at  the  end  of   the  year  of 

death  of  y,  the  annuity  to  be  apportionable  to  the 
death  of  .r. 

6.  Find  the  Carlisle  3  per-cent  annual  premium,  payable  until 
the  risk  determines,  for  an  assurance  on  the  life  of  A,  aged  37,  if 
he  dies  before  B,  aged  70,  or  within  three  vears  after  the  death 
of  B. 

7.  A  community  of  men  experiences  a  rate  of  mortality  equiva- 
lent at  each  age  up  to  and  including  59  to  the  0'^'^"  rate  two  years 
after  the  date  of  assurance,  and  at  and  after  age  60  to  the  ultimate 
0^-''^^'  rate. 

Show  in  detail  how  you  would  proceed  to  construct  columns 
of  D,-  and  C^;  giving  effect  to  this  mortality.  It  may  be  assumed 
that  complete  0'^'"^  and  O'''^^'"  Tables  are  available. 

Third  Paper. 

"A   Short    Collection   of   Actuarial   Tables"    will   be   supplied  for  use  in 
answering  tliis  Paper. 

1.  Find   by   the  0'^'-^"  3  per-cent  Table  with   a    loading  of 
2J  per-cent  the  single  premium  for  a  policy  securing  : 
(a)  £100  at  the  end  of  10  years,  and 
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(b)  If  a  life  now  aged  30  die  during  the  10  years,  interest 
payable  half-yearly  at  the  rate  of  5  per-cent  per  annum 
on  the  amount  of  the  single  premium  for  the  remainder 
of  the  term  after  the  end  of  the  year  of  his  death. 

2.  Find  the  annual  premium,  on  the  basis  of  the  0-^-^^^3  per-cent 
table,  "with  a  loading  of  9  per-cent  on  the  gross  premium  for  expenses, 
&c.,  for  a  double  endowment  assurance  effected  at  age  30  for  £200 
payable  at  age  50, 

(a)  if  the  sum  payable  at  death  before  age  50  is  £100  ; 

(6)  if  the  sum  payable  at  death  before  age  50  is  £100  or  the 

total   amount   paid   in   premiums,   whichever   is  the 

greater. 

3.  Calculate  by  the  H"^^  3  per-cent  Table  the  net  single  and 
annual  premiums  for  an  annuity  to  a  person  aged  35,  after  the 
death  of  a  person  aged  50,  for  the  remainder  of  a  term  of  25  years 
from  the  present  time. 

The  annuity  is  to  be  payable  yearly,  a  full  year's  payment 
being  made  at  the  end  of  the  year  of  death  of  the  person  aged  50, 
and  it  is  to  be  apportionable  to  the  date  of  death  of  the  person 
aged  35.  The  annual  premium  is  to  be  payable  until  the  end  of  a 
term  of  10  years  or  the  first  death  if  it  occurs  previously. 

What  would  be  the  reserve  for  the  amiual  premium  contract 
at  the  end  of  one  year,  if  both  persons  are  still  alive  ? 

4.  Find  by  the  H^'  3  per-cent  Table  the  net  single  premium 
for  an  assurance  of  £100  payable  on  the  death  of  the  last  sur\dvor 
of  two  lives  aged  30  and  35  within  20  years,  the  sum  of  £200  being 
payable  at  the  end  of  that  term,  if  both  survive,  or  £100  if  one  only 
survives. 

5.  Find  the  net  yearly  premium,  on  the  basis  of  the  H-^'  Table 
with  3  per-cent  interest,  for  an  endowment  assurance  effected  at 
age  35  and  maturing  in  20  years,  with  compound  reversionary 
bonuses  allotted  quinquennially  from  the  date  of  effecting  the 
poUcy  at  the  rate  of  2  per-cent  per  annum  on  the  sum  assured  and 
on  previous  quinquennial  bonuses,  and  with  simple  reversionary 
interim  bonuses  in  the  event  of  death  during  a  quinquennium  at 
the  rate  of  1  per-cent  on  the  sum  assured  in  respect  of  each  yearly 
premium  paid  during  the  quinquennium.    * 

6.  Find  the  value  by  the  H^'  3  per-cent  Table  of  an  annuity 
of  £100  per  annum  payable  by  half-yearly  instalments  until  the 
end  of  5  years  or  the  end  of  the  year  following  that  in  which  a  life 
now  aged  80  dies,  whichever  is  the  later. 
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Examination  for  Admission   to  the  Class  of  Fellow 
(Part  III.— Section  A). 

First  Paper. 

1.  It  is  desired  to  investigate  the  experience  in  regard  to 
sickness,  mortality  and  secession  of  a  large  friendly  society  with 
branches. 

Describe  carefully  and  fully  the  methods  by  \yhich  the  data 
should  be  collected  and  analyzed.  State,  giving  reasons,  the  nature 
of  the  investigations  Avhich  you  would  make  into  the  experience. 

2.  What  life  tables  were  prepared  in  connection  with  the 
1911  Census  of  England  and  Wales  ?  How  did  the  sectional  life 
tables  difier  from  those  constructed  at  previous  censuses  ? 

Discuss  the  desirability  of  preparing  tables  of  the  various 
types  mentioned  and  suggest  any  alterations  which  you  consider 
advisable. 

3.  Describe  a  method  by  which  an  aggregate  mortality  table 
may  be  readily  and  continuously  obtained  from  year  to  year  by  means 
of  the  valuation  class  books  of  a  large  assurance  company  in  respect 
of  whole  life  policies. 

State  the  formula  you  would  adopt  for  the  exposed  to  risk. 


Second  I'ltper. 

1.  Given  the  following  extract  from  the  experience  of  a 
provident  fund,  calculate  the  unadjusted  central  rates  of  withdraAval 
and  mortality  at  age  20. 

The  members  of  the  fund  are  entitled  to  sickness  benefits 
after  6  months' membership,  and  the  total  number  of  weeks'  sickness 
experienced  at  age  20  was  1,035.  Calculate  the  unadjusted  central 
rate  of  sickness  per  member  per  annum  at  that  age. 


Age 

Members 

at  beginning 

of  period 

Entered              Withdrew 
during       i          during 
period                   period 

Died 
during 
period 

Members 

at  end  of 

period 

Ape 

x 

14 

ir. 

16 

17 
18 
19 
20 

26 
162 
307 
426 
421 
309 
353 

1,175                     34 
919                    77 
737                 177 
352                  533 
145       1           806 
75                  626 
52                  414 

1 
1 
5 
2 

6 
o 
7 

29 

261 
409 

471 
349 
114 
202 

14 
15 
16 
17 
18 
19 
20 

N.B. — The  experience  was  investigated  in  calendar  years  and  the  ages  were 
calculated  in  the  following  manner: 
Members  at  beginning  and  end  of  period — ages  nearest  birthday. 

„       entered,  died,  withdrew  or  sick — ages  nearest  birthday  at  beginning  of 
calendar  year  of  entry,  death,  withdrawal  or  sickness  respectively. 
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2.  Given  the  following  adjusted  rates  of  mortality  and  central 
rates  of  withdrawal  : 


Age 

?x 

mtOx 

16 

■0023 

•230 

17 

•0024 

•182 

18 

•0025 

•151 

Compute  the  life  and  withdrawal  table  for  ages  16  to  lt<, 
both  inclusive. 


3.  Contrast  the  two  following  summation  formulas  from  the 
point  of  view  of  (a)  accuracy,  and  {h)  smoothing  power : 


25 

[4]  [5]  [6] 


[  -  V--2+  U-i  +  ll(,  +  III  -  Ho] 


120 


Which  formula  would  you  use  in  practice  ? 


4.  The  following  data  (Table  I)  were  obtained  from  a  large 
benefit  fund  which  was  valued  on  the  last  occasion  by  assuming 
the  rate  of  mortaUty  indicated  in  Table  II.  Work  out  figures  to 
show  whether  the  recent  mortality  experience  confirms  the  past 
and  discuss  special  divergencies  (if  any)  : 


Table  I. 


Table  II. 


Ages 

No.  OF  Subscribers 

Deaths 
1909-13 

Not 
under 

But 
under 

1  Jan.  1909 

31  Dec.  1913 

1 
20 

25 

220 

200 

10 

25 

30 

340 

330 

20 

.  30 

35 

290 

300 

14 

35 

40 

300 

320 

16 

1  40 

45 

270 

300 

14 

45 

50 

200 

220 

14 

50 

55 

140 

160 

14 

55 

60 

100 

120 

10 

60 

65 

60 

80 

12 

1  65 

70 

20 

30 

6 

70 

75 

2 

8 

0 

Age 
.r 

10,000.7^  i 

i 

20 

101 

25 

93 

30 

90 

35 

92 

40 

99   ; 

45 

116    1 

50 

142 

55 

189 

60 

259 

65 

373 

70 

550    1 

75 

907 
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5.  An  office  granting  annuities  desires  to  examine  its  mortality 
experience  over  a  period  of  10  years.  It  is  in  possession  of  the 
following  facts  : 

(a)  Exact  date  of  purchase  ; 

(6)  Age  last  birthday  at  date  of  purchase  ; 

(c)   Office  year  of  death. 

There  are  no  withdrawals.  The  office  year  ends  on  30  June. 
Show  how  the  experience  may  be  used  for  the  calculation  of  select 
mortality  tables. 

6.  What  general  features  in  regard  to  mis-statement  of  age 
were  revealed  by  the  1911  Census  of  England  and  Wales  ?  State 
how  the  irregularities  at  individual  ages  were  dealt  with  in 
constructing  the  English  Life  Table  No.  8  and  describe  the  process 
of  graduation. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III. ^Section  B). 

First  Paper. 

"A  Short   Collection   of   Actuarial   Tables"  will   be    supplied   for   use  in 
answering  this  Paper. 

Table  I  gives  the  total  business  on  the  books  of  an  office  as  at 
1  January  1919  :  Table  II  gives  the  new  business  ;  and  Table  III 
the  cancelments  for  the  year  1919.  Table  IV  gives  the  items  for 
the  Revenue  Account  for  the  year  1919  which  cannot  be  obtained 
from  Tables  I,  II  and  III.  The  net  premiums  are  calctilated  by  the 
H*'  3  per-cent  Table  for  the  age  next  birthday  at  entry  and  policies 
are  valued  at  the  nearest  age  on  31  December. 

Make  a  valuation  of  the  business  as  at  31  December  1919  by 
the  H^^  3  per-cent  Table  ;  ascertain  from  the  completed  Revenue 
Account  the  surplus  ;  trace  this  surplus  to  its  various  sources  and 
state  what  rate  of  simple  reversionary  bonus  could  be  declared. 

The  whole  of  the  business  consists  of  whole-life  policies. 

N.B. — The  work  should  be  done  throughout  in  tabular  form 
and  aU  working  should  be  shown. 
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Table  I. 


Nearest  Age 

on 
31  Dec.  191S 

Sum 
Assured 

Reversionarj' 
Bonus 

Annual 

Office 

Premium 

Net 
Premium 
HM3  % 

Annual 

Extra 

Premium 

51 
52 
53 
54 
55 

2,000 
3,000 
3,000 
4,000 
1,000 

100 
200 
150 
300 
60 

ij 
30 
60 
75 
80 
15 

24 
45 
60 
63 
12 

5 

15 

!                 1 

13,000                810                260 

1 

204 

20 

Table  II . 


Date  of  Birtli            Date  of  Entry         Ass"iied 

Annual 

Office 

Premium 

Renewal  Date 

20  Aug.    1866 
15  Feb.    1867 
29  Nov.    1865 
20  July    1865 

28  Feb.    1919 
10  Mar.    1919 

15  July    1919 

16  Dec.    1919 

£ 

300 

400 

300 

1,000 

£ 
15 
20-5 
15-8 
55-0 

28  Feb. 
10  Mar.  and  10  Sept. 

15  July 
16  Dec.  and  16  June 

2,C00 

106-3 

N.B. — Office  premiums  are  charged  according  to  age  next  birthday. 


Table  III. 
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Tabl 

E   IV. 

Fund  :it  beginning  of  year 
Interest  (less  tax)... 

5700-0 
22S-2 

Commission 
Hxpenses     ... 
Depreciation 

25 

20 
250 

" 

Second 

Paper. 

1.  An  office  distributes  its  surplus  upon  the  tontine  plan  under 
which  the  reversionary  bonuses  vest  when  the  premiums  paid 
accumulated  at  4  per-cent  compound  interest  have  equalled  the 
sum  assured. 

Discuss  this  method  of  distribution  in  the  cases  of  a  recently 
established  office  having  a  surj)lus  for  the  first  time  and  an  old- 
established  office  with  a  large  number  of  policies  in  force  with 
durations  greater  than  the  accumulation  period. 

Mention  particularly  the  basis  upon  which  you  would 
allocate  the  surplus  to 

[a)  Those  policies  with  durations  in  excess  of  the  accumu- 
lation period  ; 

[h)  Those  i:)olicies  with  durations  less  than  the  accumulation 
period. 

What  reserve  would  you  make  in  a  valuation  in  respect  of 
previous  distributions  ? 

2.  Under  the  provisions  of  the  Courts  (Emergency  Powers) 
Act,  1914,  industrial  assurance  companies  could  not  enforce  the 
lapse  of  any  weekly  life  or  endowment  policy  for  an  amount  not 
exceeding  £25,  which  had  been  two  years  in  force  prior  to 
4  August  1914. 

State  what  reserves  you  consider  should  be  made  in  respect 
of  such  policies  in  arrears  at  a  valuation  prior  to  the  termination 
of  the  Act. 

On  the  termination  of  the  Act  what  general  scheme  of 
re-instatement  of  such  policies  would  you  suggest,  subject  to  evidence 
of  health  but  not  involving  payment  of  arrears  or  increase  of 
premium  ? 

3.  An  office  issues  a  large  number  of  participating  policies 
under  the  double  endowment  plan  for  a  common  period  of  20  years 
and  subject  to  uniform  monthly  instalment  premiums  for  aU  ages 
at  entry  from  20  to  50  inclusive. 

A  separate  fund  is  kept  and  80  per-cent  of  the  divisible 
surplus  is  distributable  to  the  policyholders. 

Describe  in  detail  what  you  would  consider  to  be  the  simplest 
method  of  classifying  and  valuing  such  policies  and  upon  what 
basis  you  would  advise  that  the  surplus  be  distributed  by  way  of 
reversionary  bonus  to  the  policyholders  and  by  way  of  interim 
bonus  on  claims  during  the  following  quinquennium. 
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4.  What  arc  "negative  values"?  How  do  they  arise  in 
practice  (a)  in  the  ease  of  an  ordinary  life  office,  (/')  in  the  case  of 
an  industrial  life  office  1  State  how  you  would  treat  them  in  a 
valuation  and  give  your  reasons. 

5.  An  old-established  employers'  liability  insurance  company 
has  got  into  financial  difficulties.  How  would  you  value  the 
contracts  {a)  for  a  solvency  test,  and  {[>)  for  the  purposes  of 
winding-up  ? 


Examination  for  Admission  to  the  Class   of  Fellow 
(Part  IV. — Section  A). 

First  Paper. 

Write  an  essay  on  the  tivo  following  subjects  : 

(1)  The  Collecting  Societies  and  Industrial  Assurance  Com- 
panies Act,  1896,  as  regards  its  financial  and  actuarial 
aspects,  dealing  more  particularly  with  : 

The  amendments  which  are  suggested  in  the  report  of  the 
departmental  committee  of  enquiry. 

The  standards  of  solvency  ivhich  should  he  adopted. 

The  method  of  determining  paid-up  policies  and  surrender 
values  and  the  desirability  of  paying  the  latter  in  cash. 

The  treatment  of  policies  in  case  of  liquidation. 


(2)  The  principles  which  should  guide  an  office  in  framing 
tables  of  surrender  values  and  paid-up  policies  for  use  in 
the  case  of  whole  life  and  endowment  assurances,  including  : 

The  advisability  of  guaranteeing  such  surrender  values 
and  paid-up  policies  in  the  case  of  tvith-profit  and  non- 
profit policies  respectively. 

The  necessity  for  making  provision  for  adverse  selection. 

The  practical  calculation  and  checks  to  be  employed  in 
quoting  and  the  intervals  at  ivhich  increases  would  be 
granted. 

The  desirability  of  xising  surrender  values  in  jyayment  of 
overdue  premiums. 
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Second  Paper. 

"  A   Short    Collection    oi'   Actuarial    Tables "  will    be    supplied   for  use  in 
answering  this  PajDcr. 

1.  Question  5  of  the  Fourth  Schedule  of  the  Assurance 
Companies  Act,  1909,  asks  for  a  statement  as  to  "  the  actual 
proportion  of  the  annual  premium  income,  if  any,  reserved  as  a 
provision  for  future  expenses  and  profits."  An  office  gives  the 
following  reply : 

"  The  proportion  of  annual  premium  income  reserved  as  a 
provision  for  future  expenses  was  as  follows  :  15  per- 
cent was  deducted  from  the  office  premiums  to  obtain 
the  premiums  actually  valued,  but  after  elimination 
of  all  negative  values  the  total  proportion  of  the 
office  premiums  reserved  was  35  per-cent." 

Criticize  this  answer  and  state  what  amendments  (if  any) 
you  would  suggest  in  order  to  meet  the  requirements  of  the  Act. 

2.  £5,000  5  per-cent  War  Loan  (1929-47)  is  set  aside  for  the 
purpose  of  providing  annuities  of  £100  each  to  A,  a  male  aged  55, 
and  B,  a  female  aged  75.  C,  who  is  entitled  absolutely  to  a  moiety 
of  the  fund  subject  to  the  annuities,  desires  to  sell  his  interest. 
How  would  you  arrive  at  the  value  ?  It  may  be  assumed  that  the 
trustees  will  not  divide  the  fund  until  both  the  annuitants  have 
■died. 

3.  A,  a  male  aged  35,  is  possessed  of  whole  life  policies  for  £8,000, 
with  £700  added  in  bonuses,  at  annual  premiums  of  £200.  A  has 
become  practically  uninsurable,  but  wishes  to  raise  as  much  as 
possible  by  giving  a  charge  upon  his  reversionary  life  interest  in 
settled  estates  of  ample  value,  using  his  policies  to  cover  the  charge 
in  the  event  of  his  predeceasing  B,  the  present  tenant  for  life,  a 
male  aged  75.  Calculate  the  utmost  that  can  be  given  for  A's  interest 
assuming  that,  in  view  of  possible  future  bonuses,  the  purchaser  is 
willing  to  proceed  upon  a  6  per-cent  basis  throughout.  Explain 
numerically  how  the  transaction  would  be  closed  (a)  upon  the 
death  of  A  during  B's  lifetime  ;  and  (6)  upon  the  death  of  A  after 
B's  death. 

4.  What  forms  of  option  to  repurchase  are  granted  by  buyers 
of  reversions,  and  how  is  the  value  adjusted  in  each  case  ?  What 
legal  provision  has  to  be  considered  in  framing  the  terms  of  such 
an  option  ? 

5.  Write  an  essay  on  the  following  subject : 

The  various  methods  which  have  been  proposed  for  valuing 
reversions  and  life  interests  and  their  underlying  principles, 
explaining  : 
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Which  formula  you  think  most  satisfactory  for  practical 
purposes  in  the  case  of  absolute  and  coyitingent  reversions 
being  jnirchased. 

The  margins  required  to  allow  for  flucliiation  and  depre- 
ciation in  the  case  of  all  kinds  of  Stock  Exchange  and 
mortgage  securities,  freeholds,  ground  rents,  and  house 
property,  and  the  considerations  which  would  influence 
you  in  dealing  ivith  such  property  as  regards  site  and 
occupation. 

The  manner  of  arriving  at  the  loan  value  and  the  remedies 
in  the  event  of  the  non-payment  of  interest  ujion  such 
loans. 

The  best  way  of  dealing  with  life  interests  to  ensure  the 
permanence  of  the  income  and  the  proof  of  the  existence 
of  the  life  tenant. 

The  effect  of  the  present  high  rate  of  income  tax  in  the  case 
of  the  purchase  of  life  interests  and  reversionary  life 
interests  (a)  by  an  insurance  company  and  (6)  by  an 
investment  company. 
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EXAIMINATION   FOR   ADMISSION    TO   THE   ClASS   OF    ASSOCLVIE 

(Part  I. — Section  A). 

First  Paper. 

1.  On  a  double  line  of  rails  between  A  and  B  two  down  trains 
start  from  A  at  12.0  and  1.0.  An  up  train  starts  from  B  at  2.0. 
It  meets  the  first  down  train  at  3.12,  is  equidistant  from  the  two 
down  trains  at  S.lGf,  and  meets  the  second  down  train  at  4.30. 

Find  hoAv  long   each   train    takes   to    travel   between    the 
two  towns  assuming  each  travels  at  a  uniform  rate. 
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2.  Solve  the  ecjuation 

225;r''  -  930,7-'^  +  1321a:-'  -  lUx  +  140  =  0 

being  given  that   the    sum    of  two    roots    e<|uals   the    sum  of  the 
other  two. 

3.  Calculate  correct  to  5  places  of  decimals 
3    10      3    5  \\0l        3    5    7   \10J    ^  "  "  J 
3  ■  100      3  '  5   VIOO/    "^  3  '  5  "  7  '  VlOO/    +  '  '  ' J 


+  •07 


4.  Show  that  the  series  —a — -  +        + is  convergent 

when  n  is  greater  than  unity  and  is  divergent  when  n  is  equal  to 
unity  or  less  than  unity. 

5.  Find  the  sum  of  the  series 

/i\         3  4  5  6 

(1) 1 h .  .  .  to  '^, 

1.2.4       2.3.53.4.6      4.5.7 

(2)   „-V.  +  :.^Vv:,  +  ^-^ 


6.12       6.12.18      6.12.18.24 


7.9.11  ^...tooo. 

6.12.  18.  24  .30 


6.  Show  that  Avhen  .'•  is  small  compared  Avith  a  or  // 


vl  -  ax+  V  1  -  b.r  2 


+  ill  -  (diocr  +  Qab  +  blr)  -—  approx. 
16 

7.  If  two  of  the  first  hundred  numbers  are  chosen  at  random 
what  is  the  probability  that  their  difterence  exceeds  10  ? 

8.  A  bag  contains  m  white  balls  and  two  red  balls.  The 
balls  are  drawn  from  the  bag  one  at  a  time  without  being  replaced, 
until  a  red  ball  is  drawn.     If  1,  2,  3  .  .  .  white  balls  are  drawn,  A  is 

to  receive    1",    2'",   3' shillings   respectively.     AVhat  is   the 

value  of  his  expectation  ? 
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9.  A  and  B  play  a  match  to  be  decided  as  soon  as  either  has  won 
two  games.  The  chance  of  either  winning  a  game  is  ^V  and  of  its 
being  drawn  yV-  What  is  the  chance  that  the  match  is  finished  in 
10  or  less  games? 


1. 


Second  Papei 

Wo  = 

=  0 

«3  = 

=  204 

Ml- 

=  79 

ll-j  = 

=  301 

11.2  '- 

=  146 

%  = 

=  415 

Find  ??4,  ?/0)  3'iicl  it-. 

•2.  Prove  that  f{'E)a''u_,  =  aJ{aE)u,.. 
Hence  or  otherwise  prove  that 


^a-'ii.r  ■■ 


a- I 


1  \a 


+  c. 


3.  Prove  that  if  fourth  and  higher  differences  are  ignored  the 
sum  of  7?  successive  terms  of  a  function  of  which  ?«„  is  the  central 
term  is 


711(0  + 


24 


■  A'u  -I 


where  n  is  an  odd  number 
4.  Differentiate 


Find  the  nth  differential  coefficient  of  -^ ^  and  the  second 

x"  -  c" 

differential  coefficient  of  z^''. 

5.  Expand  log(.''+  \'d'  +  x~)  in  ascending  powers  of  x. 

6.  A  window  is  in  shape  a  rectangle  with  a  semicircle  covering 
the  top.  If  the  perimeter  of  the  window  be  a  fixed  length  /,  find 
what  is  its  maximum  area.  (The  area  of  a  circle  of  radius  v  is  tt/"' 
and  the  length  of  the  circumference  27rr.) 

7.  Prove  that 

Lt7,=o/'[<^(«)  +  4>{(i  +  /')  +  <^(«  +  2/;)  .  .  .  +  </)(/.)]  =  xp{h)  -  ij^ia) 
d^ix) 


where 


dx 


M 


assuming  that  the  function  4>('C)  is  finite  and  continuous  between 
the  limits  a  and  //. 


VOL.    LI  I. 


2  p 
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8.  Given  M-2,  th,  and  Uo,  find  an  approximate  value  for  I  Ujifh. 

9.  In  a  line  AB  of  length  3a,  a  point  P  is  taken  at  random 
and  then  in  AP  a  point  Q  is  taken  at  random.  What  is  the 
probability  that  PQ  exceeds  a  1 


Examination  for  Admission  to  the  Class  of  Associate 
(Part  I. — Section  B). 

"  A  Short   Collection    of  Actuarial   'I'ables "    and  the   Supplement   -will   be 
supplied  for  use  in  answering  this  Paper. 

1.  Prove  that  the  usual  approximation  for  the  equated  time  for 
a  number  of  sums  due  at  various  dates  is  in  favour  of  the  debtor. 

2.  Given  that  the  modulus  of  common  logarithms  is  -43429, 
find  the  value  at  4  per-cent  per  annum  effective  of  a  perjjetuity 
payable  half-yearly  whose  successive  jiayments  are  1,  i,  \,  J,  &c. 

3.  A  loan  of  £4,000  was  made  on  1  January  1915  repayable  in 
25  years  by  means  of  equal  half-yearly  annuity  payments  on  the 
basis  of  interest  at  the  rate  of  5  per-cent  per  annum  convertible 
half-yearly.  On  1  January  1920  an  additional  repayment  of  £1,000 
was  made  with  the  half-yearly  payment  then  due.  Calculate  the 
new  annuity  pajTnent  commencing  1  July  1920  on  the  assumption 
that  the  term  outstanding  is  to  remain  unaltered  and  draw  up  a 
schedule  for  the  first  four  new  payments,  showing  the  amount  of 
principal  and  interest  in  each  and  the  principal  outstanding  at  each 
half-year. 

Show  clearly  what  checks  you  would  employ  to  ensure  the 
correctness  of  the  schedule  as  far  as  you  have  worked. 

4.  In  consideration  for  a  loan  of  £2,000,  A  agrees  to  make  the 
lender  14  yearly  payments  of  £189.  65.  9(Z.,  the  first  payment  being 
made  in  twelve  months  from  the  date  of  the  loan. 

After  10  payments  A  finds  himself  unable  to  keej)  his 
contract,  but  offers  instead  to  j)ay  £30  every  three  months.  For 
how  long  on  the  basis  of  the  same  rate  of  interest  should  he 
continue  this  reduced  payment  and  what  will  be  the  amount  of 
the  last  quarterly  payment  ?  The  first  of  the  quarterly  payments 
is  to  be  made  at  the  end  of  10|-  years  from  the  commencement 
of  the  contract. 

5.  An  issue  is  made  of  debentures  bearing  interest  at  6  per- 
cent per  annum,  payable  half-yearly,  redeemable  in  four  equal 
amounts  at  the  end  of  5,  10,  15  and  20  years,  at  102,  104,  106 
and  108  respectively.  What  should  be  the  price  of  issue  to  yield 
<S  per-cent  per  annum,  convertible  half-yearly. 
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6.  A  corporation  issues  a  loan  of  £500,000,  bearing  interest  at 
the  rate  of  4  per-cent  per  annum,  redeemable  at  par  by  means  of  a 
cumulative  sinking  fund  of  amount  sufficient  to  repay  the  loan 
in  50  years.  After  15  years  sinking  fund  payments  are  discontinued, 
interest  only  being  paid  for  the  next  ten  years.  Sinking  fimd 
operations  are  then  resumed,  the  annual  charge  being  fixed  at  an 
amount  sufficient  to  redeem  the  loan  by  the  date  originally  fixed. 
Find  the  average  peld  realized  if  the  issue  price  be  70. 

7.  An  annuity  certain  of  £100  per  annum  for  20  years,  deferred 
10  years,  the  first  payment  to  be  made  11  and  the  last  30  years 
hence,  is  offered  for  sale.  What  price  should  be  offered  by  an  intending 
purchaser  who  wishes  to  realize  5  per-cent  on  his  outlay  and  to 
replace  his  capital  by  means  of  a  capital  redemption  assurance  for 
30  years,  at  an  annual  premium,  assuming  that  the  latter  can  be 
obtained  on  a  net  3i  per-cent  basis  ?  For  what  sum  should  the 
capital  redemption  assurance  be  effected  ? 


Examination  for  Admission  to  the  Class  of  Associate 
(Part  II). 

First  Paper. 

"A  Sliort   Collection   of   Actuarial   Tables"    will   be   supj)lied    for   use  in 
answering  this  Paper. 

1.  Given  that  the  probability  that  of  three  lives  aged  x  one, 
and  one  only,  will  survive  n  years  is  27  times  the  probability 
that  all  will  die  within  w  years. 

Find  the  probability  that 

(a)  At  least  two  will  survive  n  years  ; 

(h)  At  least  one  will  die  within  n  years. 

2.  Give  an  expression  in  terms  of  joint  expectations  of  life 
(two  lives)  and  probabilities  of  survival  (single  life)  for  the 
l>robabiiity  that  two  men  aged  30  and  40  respectively  will  die 
\\'ithin  ten  years  of  each  other. 

3.  Assuming  the  law  of  mortality  between  ages  40  and  50  to 
be  that  indicated  by  the  following  values  of  Ix,  find  iM^Awho  and 
the  average  age  at  death  of  those  who  die  between  ages  40  and  50  : 


X 

Ix 

40 

76240 

41 

75477 

42 

74H91 

43 

73880 

4A 

73042 

V      p      •/ 
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•4,  A  society  in  a  stationary  condition  is  suiiported  l)y  500 
entrants  at  exact  age  20.  The  withdrawals  from  the  society  are  so 
distributed  over  the  first  few  years  after  entry  as  to  he  equivalent  to 
the  withdrawal  of  5  per-cent  of  those  still  in  the  society  at  each 
of  the  ages  23  and  26,  and  all  those  attaining  age  60  retire  at  that 
age  Avith  a  pension. 

The  members  of  the  society  (excluding  pensioners)  are 
placed  in  three  groups,  60  per-cent  of  the  total  number  being  in 
Group  A,  30  per-cent  in  Group  B,  and  10  per-cent  in  Group  C.  On 
entry  a  member  is  placed  in  Group  X,  and  transfer  from  Group  A 
to  Group  B  and  from  Group  B  to  Group  C  is  by  seniority  alone. 

Find,  on  the  basis  of  the  H^^  Mortality  Table, 

{a)  The    number   of    members    of    the    society    (excluding 
pensioners)  ; 

{h)  The  ages  at  which  a  member  will,  on  the  average,  be 
transferred  to  Gi"0ups  B  and  C. 


5.  On  1  January  each  year  a  staff  is  brought  up  to  a  total 
of  10,000  by  a  uniform  number  of  entrants.  It  consists  of ^  two 
classes  : 

Class    A,    maintained    by    entrants   at    exact   age    25    and 
transfers  from  Class  B  at  exact  age  40  ;  and 

Class  B,  maintained  by  entrants  at  exact  age  20. 


5  per-cent  of  the  survivors  at  age  40  in  Class  B  are 
transferred  to  Class  A  each  year. 

On  attaining  age  60  members  of  both  classes  are  retired. 
There  are  no  other  withdrawals.  The  proportion  of  men  in 
Class  B  to  men  in  Class  A  after  recruitment  on  1  January  in 
each  year  is  10  to  1. 

Assuming  that  H^'  Mortality  is  experienced,  find  the  annual 
number  of  entrants  in  each  class. 


6.  Find  the  values  of   — ^^   and    -~ . 
d.r  ax 

Show  that  Og^  can  ba  expressed  in  the  form 


Ix  -  8Jv*tPx^'x+tdt. 
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Second  Paper. 

"A  Short  Collection  of  Actuarial  Tables"  will   be   supplied   for  use   iu 
answering  tliis  Paper. 

1.  Given  the  following  data  : 

log /5o  =  4-8621  log  D.5o  =  1-1804 

„  /5i  =  4-8552  „  D53  =  4-1598 

„  /5o  =  4-8479  „  D.54  =  4-1388 

„  /53  =  4-8402  „  D.55  =  4-1172 

„  /,4  =  4-8320  „  1)56  =  4-0950 

„  /.55  =  4-8232  „  D57  =  4-0723 

„  /56  =  4-8139 

and  the  logarithm  tables  supplied,  find  at  3  per-cent  interest  the  net 
annual  premium  for  a  term  assurance  payable  at  the  first  death  of 
three  lives  aged  50,  51  and  52,  if  it  occur  during  a  term  of  5  years, 
and  demonstrate  the  formula  you  adopt. 

2.  Find  by  the  H^'  Table  at  3  per-cent  interest  the  value  of  a 
curtate  annuity  of  £100  per  annum  payable  half-yearly  until  the 
death  of  the  survivor  of  two  lives  aged  30  and  35  respectively, 
the  annuity  to  cp.ase  on  both  lives,  or  the  survivor,  attaining 
age  50. 

3.  Prove  that,  in  the  case  of  a  mortality  tal)le  following 
Makeham's  law, 

^  ^ivtnc  +  log  e-5''a-u-jo 

Aii,.-  =  (f log  e5  .  Ua-uio 

C 

where  3c"' =  c*^  +  c^ -f  r. 

1.  A  life  aged  30  desires  to  purchase  a  deferred  annuity  of 
<£100  per  annum,  payable  yearly,  to  be  entered  upon  on  attainment 
of  age  60,  subject  to  the  following  conditions  : 

[a)  The  annuity-payments  to  continue  in  any  event  for  ten 

years  certain  ; 

{/<)  In  the  event  of  a  life  now  aged  25  surviving  until  (30) 

attains  age  60,  the  annuity  is  to  be  continued  for  ten 

years  after  the  death  of  (30)  should  (25)  live  so  long. 

Find  the  net  value  of  this  annuity  on  the  basis  of  the 

H**  Table  with  3  per-cent  interest. 

5.  Find  by  the  H^'  Table  at  3  per-cent  the  value  of  an 
assurance  of  £100  payable  at  the  second  death  among  three  lives 
aged  30,  35  and  10  years  respectively,  with  the  condition  that  if 
the  life  aged  40  die  first,  £50  Avill  be  payable  at  the  first  death  and 
£50  at  the  second  death. 

It  may  be  assumed  that  in   each  case   the  sum  assured  is 
payable  at  the  end  of  the  year  of  death. 
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6.  A  reversionary  annuity  of  £100  is  to  be  payable  so  long  as 
at  least  two  of  three  lives  aged  30,  35  and  55  respectively  survive 
after  the  death  of  a  life  aged  60.  The  annuity  is  to  be  payable 
annually,  the  first  payment  to  be  made  at  the  end  of  the  year  of 
death  of  (60). 

The  whole  annuity  is  to  be  paid  to  (55)  so  long  as  he  survives 
Avith  either  or  both  of  (30)  and  (35),  but  if  (55)  die  before  these 
two,  the  annuity  payments  are  to  be  divided  equally  between  them. 

Obtain  expressions  in  terms  of  joint  life  annuities  for  the 
present  values  of  the  interests  of  (30),  (35)  and  (55)  respectively. 
Prove  your  answers. 

7.  Show  in  detail  how  you  would  construct,  by  a  continued 
process,  a  table  showing  the  amount  of  the  free  policy,  payable  at 
death,  that  can  be  granted  for  the  surrender  of  a  whole-life  non- 
profit assurance  subject  to  annual  premiums,  of  any  age  at  entry 
and  duration. 

State  what  checks  you  would  employ  to  ensure  accuracy. 

Third  Paper. 

"A  Short  Collection    of   Actuarial   Tables"  will   be  supplied   for  use  in 
answering  this  Paper. 

1.  Find  the  annual  premium  by  the  0'^^^^^  Table  at  3  per-cent 
for  an  endowment  assurance  for  £100  on  a  life  aged  30,  for  a  term 
of  20  years,  under  which 

(a)  In  the  event  of  death  within  the  first  10  years  the 
premiums  paid  are  to  be  returned  without  interest ; 

(A)  In  the  event  of  death  during  the  second  half  of  the 
term,  the  sum  assured  of  £100  is  payable  ; 

(c)  At  maturity,  the  sum  assured  is  to  be  paid  by  ten  annual 
instalments  of  £10  each,  first  payment  at  the  end  of 
one  year  from  the  date  of  maturity,  and  interest  at 
the  rate  of  6  per-cent  is  to  be  allowed  at  the  end  of 
each  year  on  the  amount  outstanding  at  the  begiiming 
of  the  year. 

The  gross  premium  is  equal  to  the  net  premium  loaded  with 
a  constant  of  56-.  and  5  per-cent  of  the  gross  premium. 

Also  giA^e  expressions  for  the  value  of  the  policy  at  the  end 
of  4  and  14  years  respectively. 

2.  Find  the  purchase  price,  including  a  loading  of  10  per-cent 
of  the  gross  price,  of  a  curtate  annuity  of  1  per  annum  payable 
yearly  during  the  life  of  {:r),  to  be  entered  upon  at  age  x  +  n, 
with  the  condition  that  in  the  event  of  death  before  age  o:  +  n  two- 
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thirds  of  the  purchase  price  shall  be  returned,  but  if  death  occurs 
after  the  annuity  is  entered  upon  and  before  the  payments  amount 
to  the  purchase  price,  the  balance  of  the  full  purchase  price  shall  be 
returned. 

3.  A  whole-life  assurance  for  .£1,250,  subject  to  annual 
premiums,  M-as  effected  15  years  ago  on  a  life  then  aged  30.  The 
assured  now  desires  to  reduce  the  sum  assured  to  £1,000,  and,  in 
addition,  to  pay  £200  in  cash  in  order  to  convert  the  contract  into 
an  endowment  assurance  for  .£1,000,  the  annual  premium  to  remain 
the  same. 

Find,  on  the  basis  of  the  H"^^  Table  at  3  per-cent,  the  age  at 
which  the  endowment  assurance  will  mature,  and  ascei'tain  what 
cash  sum  would  be  required  in  order  that  the  endowment  assui'ance 
shall  mature  at  age  55. 

Assume  net  functions  throughout. 

4.  A  whole-life  assurance  is  effected  on  a  life  aged  o:,  under 
which  the  net  annual  premium  for  an  ordinary  whole-life 
assurance  is  payable  for  the  first  5  years.  At  the  end  of  5  years 
the  assured  has  the  option  of  converting  the  policy  into  an 
endowment  assurance  for  the  same  sum  assured,  payable  on  his 
attaining  age  .*;  +  n  or  previous  death. 

(a)  Find  an  expression  for  the  net  annual  premium  to  be 
paid  for  the  remaining  term  of  the  assurance  if  the 
assurance  is  so  converted. 

(h)  Show  that  the  reserve  by  the  prospective  method  at  the 
end  of  5  years  after  such  conversion,  immediately 
before  payment  of  the  6th  increased  premium, 
is  equal  to  the  reserve  which  Avould  have  subsisted 
had  the  policy  not  been  converted,  together  with  the 
difference  in  the  net  premiums  paid,  accumulated 
with  benefit  of  survivorship. 

Assume  that  the  reserve  is  calculated  on  the  same  basis  of 
mortality  and  interest  as  the  net  premiums. 

5.  An  assurance  is  to  be  paid  on  the  death  of  a  life  now  aged 
o:  if  he  survive  a  life  now  aged  y.  The  sum  assured  is  to  be  equal 
to  the  number  of  years  (integral  or  fractional)  elapsed  from  the 
present  time  to  the  date  of  the  death  of  {y). 

(i)  Assuming  different  mortality  tables  for  (x)  and  iy) 
resiiectively,  show  how  you  would  calculate  the  net 
single  premium  for  the  assurance  by  means  of  the 
following  formula : 

I    Ujflx  =  M{-28?fo  +  1  •62?f„  +  '2-2ii.2,n  +  1  •62«.3,i  +  •56!(o)i  +  1  •62?<r„l 

J  0 

Give  a  skeleton  schedule. 
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(ii)  If  you  were  supplied  with  the  values  of  Dx,  Dx,/,  Mx, 
Miy,  Ex  and  R^y,  show  how  you  would  use  the  result 
deduced  in  (i)  to  find  the  net  single  premium  for  an 
assurance  of  100  payable  at  the  death  of  (.'•)  if  he 
survive  {y),  with  a  simple  annual  reversionary  bonus 
of  1  in  respect  of  each  complete  year  after  the 
death  of  {y). 

6.  An  endowment  assurance  for  £100  effected  on  a  life  aged 
30  for  a  term  of  20  years,  with  the  condition  that  in  the  event  of 
death  before  maturity,  in  addition  to  the  sum  assured  being  payable 
all  premiums  paid  are  to  be  returned  without  interest,  has  lieen 
10  years  in  force. 

Find,  on  the  basis  of  the  H^'  Table  at  3  per-cent,  the 
amount  of  the  free  policy,  payable  at  age  50  or  predecease,  which 
can  be  granted  for  the  surrender  of  the  assurance, 

(a)  If  the  premiums  paid  are  still  to  b'e   returned  in  the 
event  of  death  before  age  50  ; 

[h)  If  the  premiums  paid  are  not  so  returnable. 

Use  net  functions  throughout. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Paet  III. — Section  A). 

First  Paper. 

1 .  Give  an  account  of  the  method  of  graduation  Ijy  a  summation 
formula,  dealing  particularly  and  fully  with  : 

(i)  The  theoretical  basis  of  the  method  ; 
(ii)  The   reasons   why  the   method   produces   a   graduated 
series ; 

(iii)  The  method  of  application  ; 

(iv)  The    circumstances    in    which    it    can    be   used   most 
advantageously ; 

(v)  Its  disadvantages. 

Illustrate  your  remarks  by  constructing  a  formula  true  to 
third  differences,  and  apply  it  to  find  a  graduated  value  of  the 
middle  term  of  the  following  series  : 

12,  14,   17,   18,   18,   21,   22,   24,   24,   26,   29,   32, 
34,  37,   41,  44,   49,  51,   56,  59,   63. 
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2.  For  practical  reasons,  you  are  desirous  of  graduating  an 
experience  of  male  annuitants  by  Makeham's  formula. 

An  experimental  graduation  of  the  ultimate  table  by  Hardy's 
method,  taking  log]oC=039,  gives  good  results  for  ages  over  50, 
but  gives  values  of  qx  which  are  impossibly  low  at  the  younger  ages. 

What  causes  may  have  tended  to  give  this  result  and  how 
would  you  proceed  in  the  matter  ? 

3.  "What  are  the  objects  of  graduation  ?  How  would  you  test 
whether  a  graduation  was  satisfactory  ? 

What  special  points  arise  when  the  data  are  in  '  select  " 
form  ? 

4.  Given  the  following  figures  of  population  at  31  December 
1910,  and  of  births  and  deaths  for  the  following  five  years,  estimate 
as  closely  as  possible  the  population  at  each  year  of  age  from  0  to  5 
on  31  December  1915.  You  may  assume,  if  necessary,  that  70 
per-cent  of  the  deaths  in  the  first  year  of  life  occur  in  the  first 
six  months  of  age  : 


Xt'JIBEE 

Dying 

IN  Teak 

Xumber 

Age 

Number  living 
at  31  Dec.  1910 

Year 

born 
in 

1911 

1912 

1913 

1914 

1915 

1 

Year 

0-1 

790 

125 

106 

112 

97 

95 

i     1911 

890 

1-2 

740 

28 

30 

29 

27 

26 

1912 

900 

2-3 

750 

10 

8 

11 

10 

9 

1913 

930 

3-4 

760 

6 

7 

5 

7 

6 

1914 

920 

4-5 

770 

4 

4 

3 

5 

4 

1915 

910 

Second  Paper. 

"  A  Short  Collection   of   Actuarial   Tables "   -n-ill   be   supplied  for   use  in 
answering  this  Paper. 

1.  What  is  meant  respectively  by  the  "'policy",  "calendar"', 
and  "life  '"'  year  methods  of  construction  of  mortality  and  sickness 
tables  1 

In    what    circumstances    can    each   be    used    with    special 
advantage  ? 

2.  Describe  fully  how  you  would  construct  select  and  aggregate 
mortality  tables  from  the  experience  of  whole-life  policies  of  a  very 
large  insurance  company,  the  information  available  in  respect  of 
each  policy  being 

Office  year  of  entry. 
Age  next  birthday  at  entry. 
Office  year  of  exit. 
Number  of  premiums  paid. 
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3.  What  do  you  understand  by  the  term  "  exposed  to  risk " 
as  applied  to  rate  of  mortality,  central  rate  of  withdrav.-al  and 
central  rate  of  sickness  ? 

4.  In  what  way  and  for  what  reasons  do  rates  of  mortality 
differ  in  tables  constructed  from  : 

(a)  Population  Statistics. 

(5)  Statistics  of  Assured  lives. 

(c)    Statistics  of  Annuitants. 

Illustrate  your  remarks  by  reference  to  tables  in  current  use. 

What  special  points  have  to  be  borne  in  mind  in  drawing 
conclusions  from  comparisons  of  such  tables  ? 

5.  The  following  table  shows  the  experience,  for  a  calendar 
year,  of  a  railway  friendly  society  which  grants  sickness  benefits 
for  a  period  of  52  weeks  and  death  benefits,  subject  to  six  months' 
membership  : 


Age 
Groups 

NuMBEE  OF  Members 

Actual  Deaths 

(nearest  ages  at 

beginning  of 

year) 

Actual  weeks 

of  Sickness 

(nearest  ages  at 

beginning  of 

Beginning  of 

End  of  vear 

(nearest  ages) 

(nearest  ages) 

year) 

18-22 

4677 

4997 

11 

5778 

23-27 

5204 

5220 

15 

5904 

28-32 

6827 

6726 

24 

6920 

33-37 

7010 

7180 

30 

7855 

38-42 

6355 

6366 

38 

7428 

43^7 

4901 

5108 

35 

6500 

48-52 

3772 

3962 

40 

5804 

53-57 

2640 

2802 

48 

5105 

58-62 

1777 

1879 

56 

5301 

Test  the  experience  bj'  means  of  the  Manchester  Unity 
AVhole-Society  Tables  and  state  what  conclusions  (if  any)  you 
would  draw  from  the  result. 

What  further  inform.ation  would  you  require  in  order  to 
make  your  test  more  accurate  ] 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  III. — Section  B). 

First  Fapcr. 

1.  A  mutual  office  issues  only  whole-life  with-profit  policies 
and  distributes  its  surplus  quinquennially  by  the  simple  reversionary 
bonus  method.  It  divides  its  business  into  two  sections 
(l)  abstainers^  and,  (2)  non-abstainers,  but  no  separate  funds  are 
kept. 
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The  rates  of  premium  are  the  same  in  both  sections,  but  in 
allotting  bonuses  it  is  desired  to  give  effect  to  the  mortality  profit 
actually  earned  in  the  respective  sections.  Explain  the  investigation 
you  -would  make  and  the  methods  you  would  employ,  at  a  division 
of  profits,  so  that  such  mortality  profit  may  be  equitably  apportioned 
between  the  two  sections. 

2.  A  life  office  issues  endowment  assurance  policies  with 
tontine  bonuses  ;  no  bonuses  are  actually  allotted  to  an  individual 
policy  until  the  quinquennial  valuation  immediately  preceding- 
maturity,  and  then  in  the  form  of  a  uniform  bonus  for  each  year 
the  policy  has  been  in  force. 

The  premiums  charged  under  this  table  are  calculated  so  as 
to  proA'ide  an  immediate  simple  reversionary  bonvis  at  half  the  rate 
of  that  on  full  profit  endowment  assurances. 

State  clearly  the  principles  you  would  adopt  in  allotting  to 
the  tontine  endowment  class  at  any  division  its  share  of  the  surplus. 
How  would  you  calculate  the  balance  of  the  surplus  in  hand  from 
the  previous  valuation,  and  decide  on  the  annual  rate  of  bonus  to 
be  allotted  to  the  policies  maturing  before  the  next  valuation  1 

3.  Describe  in  detail  how  you  would  analyze  the  surplus  of  a 
large  annuity  fund  arising  at  a  quinquennial  valuation. 

The  fund  contains  a  large  number  of  deferred  annuity 
policies  with  return  of  premiums  (without  interest)  in  the  event  of 
death  before  commencement  of  the  annuity,  and  these  policies  are 
entitled  during  the  period  of  deferment  to  the  whole  of  the  surplus 
on  the  fund,  immediate  annuities  not  being  entitled  to  share  in 
the  profits.     Upon  what  basis  would  you  distribute  the  surplus  ? 

4.  A,  an  insurance  company  transacting  all  classes  of  insurance 
business,  including  life,  desires  to  extend  its  connections  and 
approaches  B,  a  mutual  company,  with  a  view  to  establishing  some 
form  of  working  agreement  between  the  two  companies.  Discuss 
the  various  forms  this  agreement  might  take. 

In  the  case  of  B  being  actually  taken  over  by  A,  state  the 
nature  of  the  investigations  you  would  make  in  advising  A  as  to  the 
terms  on  which  B  should  be  taken  over. 

5.  Discuss  generally  the  question  of  allotting  interim  bonuses. 
Deal  specially  with  the  case  of  an  office  that,  through  depreciation 
in  securities,  is  unable  to  declare  a  bonus,  but  has  paid  interim 
bonuses  on  claims  during  the  previous  five  years. 

Second  Paper. 

A  large  life  assurance  company,  A'aluing  as  at  31  December, 
and  distributing  profits  in  the  form  of  a  simple  reversionary  bonus, 
has  the  following  classes  of  policies  on  its  books,  both  with  and 
without  profits,  namely : 
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(1)  AVhole-life, 

[i)  Endowment   assurances    (some    policies    mature    on    the 

birthday  and  some  on  the  annivei'sary),  and 
(3)  Limited  premium  policies  (whole-life  only). 

There  are  no  cases  where  an  ascending  or  descending  scale  of 
premiums  is  payable,  but  some  premiums  are  permanently  reduced 
or  extinguished  by  bonus  or  commutation. 

In  the  past  all  policies  have  been  valued  individually  by  a 
gross  premium  method.  It  has  been  decided  in  future  to  make  an 
O^^  3  per-cent  net  premium  valuation,  valuing  in  groups  (endowment 
assurances  and  limited  premium  policies  according  to  Lidstone's  "  Z  " 
method),  and  to  adopt  a  continuous  method  of  tabulating  the  data 
so  as  to  enable  the  valuation  to  be  made  annually  without  delay. 

(1)  Draft  specimens  of  the  valuation  cards  you  would  use. 

(2)  Draw  up  a  full  list  of  the  instructions  Avhich  you  would 

issue  for  writing  up  the  cards  from  the  office  records, 
and  explain  clearly  the  assumptions  you  make  and  the 
reasons  for  those  assumptions  as  regards  office  years  of 
birth,  ages  at  entrj-,  maturity  ages,  &c. 

(3)  Describe  the  system  of  books  and  sheets  you  would  use 

for  keeping  up  a  continuous  classification. 

(4)  State  the  usual  checks  you   would  have  with  the  office 

records  and  any  other  methods  you  would  employ  to 
enable  you  to  be  satisfied  with  the  accuracy  of  your 
valuation  data. 

Having  obtained  your  facts  for  the  valuation,  explain  for  each 
class  of  policy,  Avhere  applicable, 

(a)  The  method  of  finding  the  valuation  ages, 
{D  The  valuation  functions  you  would  use, 
(f)  Your  treatment  of  half-yearly  and  quarterly  cases, 
[d)   The  additional  loading  reserves  you  would  set  up, 
{c)  How  you  would  provide  for  claims  being  payable  immediately 
on  proof  of  death  and  title. 


Examination  for  Admission  to  the  Class  of  Fellow 
(Pakt  IV. — Section  A). 

First  Paper. 

"A  Short  Collection   of   Actuarial  Tables"  and   the    Supplement   will   Ije 
sup2:)lied  for  use  in  answering  this  Paper. 

1.  (a)  An  office  established  10  years  ago  transacting  a  large 
and  increasing  new  business  at  a  present  expense  rate  of  about 
30  per-cent  of   the  gross  premium  income,  shows  a  small  surplus 


1921.]    Exa7}i  ination  for  Class  of  Fellow  [Part  IV,  Sec.  A) .     545 

after  valuation  upon  an  O^^^'''  4  per-cent  basis,  using  modified  net 
premiums  to  allow  for  an  initial  new  business  expense  of  £2.  lO^.  Od. 
per-cent,  negative  values  being  excluded. 

The  office  now  wishes  to  grant  guaranteed  minimum 
surrender  values  of  33J  per-cent  of  the  gross  premiums  paid,  after 
three  years'  premiums  have  been  paid  under  whole  life  assurances 
with  uniform  premiums  or  limited  premiums  for  periods  exceeding 
20  years,  and  after  two  years'  premiums  have  been  paid  for  whole 
life  assurances  subject  to  limited  payments  for  20  years  or  less  and 
for  all  endowment  assurances. 

State  fully  your  opinion  on  this  proposal. 

(b)  State  generally  upon  what  basis  you  would  grant 
surrender  values  and  paid  up  policies  upon  double  endowment 
assurances. 

2.  What  steps  must  be  taken  by  a  registered  friendly  society 
desiring  to  convert  itself  into  a  company  under  the  Companies  Acts  1 
Discuss  the  question  as  to  whether  such  a  society,  having  converted 
itself  into  a  company,  can  afterwards  alter  or  extend  its  memo- 
randum of  association. 

.3.  A  provisional  agreement  has  been  made  whereby  an 
insurance  company  undertakes,  subject  to  acceptance  by  the  requisite 
majority  of  the  shareholders  of  a  reversionary  company,  to  buy  their 
shares  at  a  price  to  be  determined  by  an  actuarial  valuation  of  the 
entire  assets  and  liabilities  of  the  reversionary  company. 

Write  a  report  to  the  directors  of  the  insurance  company 
stating  what  steps  are  necessary  and  dealing  with  : 

(fl)  The  effect  of  the  Assurance  Companies  Act  of  1909  ; 

(/')  The  mortality  tables  recommended  : 

(c)  The  rate  of  interest  to  be  assumed  in  the  calculations ; 

((/)  The  titles  to  and  the  adequacy  of  security  for  loans  upon 
I'eversions  and  life  interests  ; 

[e)  Expenses  of  conducting  the  business  and  compensation 
to  the  outgoing  directors  and  to  the  staff  of  the 
reversionary  company ;  and 

(/)  The  value  (if  any)  attaching  to  an  issue  of  £200,000 
debentures  bearing  interest  at  3-h  per-cent  and 
redeemable  in  1960,  which  is  treated  as  a  liability  in 
the  balance  sheet  of  the  reversionary  company. 

4.  A  lady,  aged  40,  has  a  rent-charge  of  £500  payable  out  of 
a  large  estate  owned  by  her  father,  aged  65,  during  their  joint  lives, 
and  an  office  has  accepted  their  lives  for  a  whole-term  joint  life 
j^olicy  of  adequate  amount  at  an  annual  premium  at  the  rate  of 
£9  per-cent  without  profits.     Calculate  the  maximum  market  value. 
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Second  Paper. 

"  A  Short   Collection   of   Actuarial  Tables "  and   the   SuiDplement   will   be 
supplied  for  use  in  answering  this  Paper. 

1.  An  insurance  company  transacting  all  classes  of  business 
has  been  ordered  to  be  wound  ui>  Describe  the  procedure  from  the 
point  of  view  of  the  actuary  engaged,  dealing  with  the  following 
points  more  particularly,  namely  : 

(i)  Allocation  of  deposits. 

(ii)  Rules  under  6th  Schedule  of  the  Assurance  Companies 
Act  1909,  for  valuing  (a)  life  assurance  :  annuity 
and  policy  ;  (h)  employer's  liability  :  weekly  payment 
and  policy. 

(iii)  The  bases,  as  regards  mortality  and  interest,  which  you 
consider  suitable,  and  why  1 

(iv)  Principles  to  be  followed  in  fixing  the  amounts  entitled 
to  rank  in  respect  of  policies  which  have'(«)  become 
claims,  {h)  been  borroAved  upon,  (c)  guaranteed 
surrender  values,  (d)  guaranteed  bonuses,  (e)  premiums 
in  arrear,  (/)  extra  premiums  for  occupation,  climate, 
illhealth  or  cessation  during  incapacity. 

(v)  Practical  methods  of  obtaining  and  verifying  particulars 
of  individual  policies  and  valuing  them. 

2.  On  the  death  of  a  lady  of  73,  A  will  be  entitled  to  the  whole 
of  the  following  fund  provided  A's  father  (who  is  75  with  a  wife  of 
70)  has  no  further  issue  by  his  present  or  any  future  marriage,  but 
such  issue  would  share  the  fund  with  A,  namely : 

£1,300  Great  Western  Railway  5  per-cent  Rent-charge  Stock, 
£1,700  London  &  South- Western  4  per-cent  Preference  Stock,  and 
£40  per  annum  Great  Indian  Peninsula  "  B"  Annuity. 

How   much   can   be    lent  to    A   upon  the  security   of  his 
reversionary  interest  and  what  policy  should  be  effected  1 

3.  Value,  for  purchase  by  an  insurance  company,  the  absolute 
reversion  expectant  upon  the  death  of  a  male  aged  67  to  an 
appointed  sum  of  £1500  (free  of  duty)  ranking  after  £3,000  (free  of 
duty)  raisable  out  of  : 

£2,000  4  per-cent  National  War  Bonds,  1928. 
£.5,000  Port  of  London  4  per-oent  ''B'"  Stock. 

What  special  legal  precautions  are  necessary  in  dealing  with 
such  sums  1 
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4.  An  army  officer,  aged  40  next  birthday,  is  entitled, 
contingently  upon  survival,  upon  the  death  (or  re-marriage)  of  his 
mother,  aged  65,  to  one-third  of  the  capital  and,  during  their 
joint  lives,  to  one-fourth  of  the  income  from 

£3,000  New  Zealand  4  per-cent  Inscribed  Stock,  1929, 
£3,500  Argentine  Goverment  4^  per-cent  Stock. 

Would  you  advise  that  a  loan  of  £500  be  granted  to  the 
officer,  whose  life  is  assurable  at  the  oi-dinary  rate  for  his  profession  1 

5.  Subject  to  the  power  of  a  widow  of  70  to  appoint  the 
income  of  the  following  fund  to  a  future  husband  if  she  re-marry,  X 
is  absolutely  entitled  upon  her  death  to  one-third  of  : 

£5,000    Dominion    of    Canada   C.P.E.    3^   per-cent   Land 

Grant  Bonds, 
£4,000    Central  Argentine   Railway  4  per-cent  Debenture 

Stock, 
£4,000    Bass   Ratcliffe    &   Gretton,    Limited,    4^    per-cent 

Debenture  Stock,  and 
£7,500   Alliance   Investment  Company,    Ltd.,    4    per-cent 

Debenture  Stock. 

What  offer  would  you  recommend  should  be  made  for  the 
purchase  of  X's  reversion  ?  What  loan  could  be  granted  if  the 
power  were  released  by  the  tenant  for  life  1 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  IV.— Section  B). 

First  Paper. 

1.  Write  a  brief  essay  on  the  subject  of  insurable  interest. 

2.  Discuss  the  present  position  regarding  income  tax  abatements 
in  respect  of  life  assurance  premiums. 

3.  An  own  life  assurance  which  has  never  been  assigned  or 
charged  becomes  a  claim  through  the  death  of  the  life  assured. 
What  evidence  in  proof  of  death  and  title  will  be  required  from  the 
claimant  ?  Deal  with  the  matter  fully,  stating,  for  example,  the 
requirements  if  the  assured  died  testate  or  intestate,  solvent  or 
insolvent. 

4.  Discuss  the  provisions  of  the  Courts  (Emergency  Powers)  Act, 
1914,  in  so  far  as  they  relate  to  policies  of  assurance.  How  are 
these  provisions  affected  bv  the  War  Emergencv  Laws  (Continuance) 
Act,  1920  ? 
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5.  Enumerate  under  headings  the  whole  of  the  essential  items 
to  be  incorporated  in  a  life  assurance  policy,  including  all  usual 
conditions.     Actual  policy  drafting  is  not  desired. 

A  life  office  issues  joint-life  partnership  assurances,  and 
states  in  its  prospectus  that  it  is  prepared  upon  receipt  of  an  appli- 
cation to  alter  the  policy  into  two  separate  assurances,  each  for  one 
half  of  the  sum  assured  under  the  joint  contract,  at  the  rates  of 
premium  appropriate  to  the  respective  ages  at  entry  of  the  lives 
assured.     Draft 

(1)  A  clause  embodying  this  offer  as  a  condition  of  the 

joint-life  contract,  and 

(2)  An  endorsement  to  be  placed  upon  the  usual  single  life 

policy  form  when  the  option  is  exercised. 

6.  A  mutual  life  office  at  its  quinquennial  valuation  in  1915, 
as  a  matter  of  war-time  precaution,  made  no  general  distribution 
of  bonus  but  announced  that  an  interim  bonus  at  the  rate  of 
£1  per-cent  of  the  sum  assured  would  be  paid  on  policies  becoming 
claims  before  the  1920  valuation  in  respect  of  each  premium  paid 
since  the  1915  valuation.  The  1920  valuation  has  just  been 
completed  on  the  same  basis  as  on  previous  occasions  and,  after 
meeting  depreciation,  the  surplus  is  only  sufficient  to  provide  a 
simple  reversionary  bonus  at  the  rate  of  15^.  per-cent. 

Draft  a  report  to  the  Directors  dealing  with  the  situation 
generally,  and  making  recommendations  as  to  the  desirability  or 
otherwise  of 

(1)  Only  partially  covering  the  depreciation, 

(2)  Varying  the  valuation  basis, 

(3)  Making  a  general  declaration  of  bonus,  and 

(4)  Declaring  an  interim  bonus  only. 


Second  Paper. 

1.  Draft  a  report  to  your  directors  setting  forth  the  reasons 
or  and  against  making  an  increase  in  the  rates  of  premium  for  new 

assurances  under  some  or  all  of  the  tables  in  the  prospectus,  and 
indicate  your  recommendation  as  to  any  action  you  may  consider 
desirable.  Assume  that  your  present  rates  are  the  same  as  those  in 
existence  before  1914. 

2.  Give  a  general  formula  which  you  would  consider  suitable 
upon  which  to  base  rates  for  immediate  annuities  at  the  present 
tmie.  State  clearly  what  bases  of  mortality,  interest  and  loading 
you  would  employ,  giving  reasons  for  your  selection. 
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3.  Indicate  the  method  you  would  adopt  for  the  calculation  of 
the  annual  premium  for  an  endowment  assurance  policy  under 
which  the  benefit  is  to  take  the  form  of  the  transfer  of  a  4  per-cent 
Victory  Bond  for  £100  to  the  policyholder  upon  the  happening  of  the 
first  of  the  following  events,  namely  (1)  the  expiration  of  the  original 
term  of  the  policy,  (2)  the  drawing  of  the  Bond  for  repayment  by 
the  Government  and  (3)  the  death  of  the  assured. 

4  per-cent  Victory  Bonds  were  issued  at  85  per-cent  and  an 
annual  charge  of  4^  per-cent  of  the  original  nominal  amount  was 
set  aside  for  service  of  the  loan.  Assume  that  the  premium  calcu- 
lation is  made  at  the  date  of  issue  of  the  Loan. 

4.  Give  in  schedule  form  the  details  you  would  submit  to  the 
Inland  Revenue  Authorities  in  putting  forward  a  claim  for  refund 
of  Income  Tax  on  expenses  of  management. 

Assume  that  you  are  acting  for  a  life  office  where  the  gross 
interest  is  considerably  in  excess  of  the  profits. 

5.  Extra  premiums  for  occupation  and  foreign  residence  may 
be  payable  : 

(1)  For  a  term  certain  agreed  when  the  policy  is  issued, 

(2)  For  the  period  in  which  the  assured  remains  in  the 

hazardous  occupation  or  in  the  unhealthy  area,  or 

(3)  For  the  whole  duration  of  the  policy. 

What  are  the  arguments  for  and  against  each  of  these 
methods  of  charging  extra  premiums  ?  Which  method  do  you 
prefer  ?  Do  you  consider  it  advisable  to  offer  alternatives  in  the 
case  of  an  individual  proposal  ? 

6.  It  has  been  customary  for  extra  premiums  to  be  charged  in 
respect  of  persons  engaged  in  the  trade  in  intoxicating  liquors. 
What  statistical  warrant  has  there  been  for  this  practice  ?  Do 
you  consider  that  all  classes  of  persons  connected  with  the  trade 
should  be  charged  the  same  rate  of  extra  premium  ?  If  not,  dis- 
tinguish between  the  classes  and  suggest  appropriate  rates  of  extra 
premium. 

Some  offices  accept  such  lives  under  double  endowment 
assurances  without  charging  extra  premiums.  Do  you  consider 
that  this  practice  is  justified  ? 


Examination  for  Admission  to  the  Class  of  Fellow 
(Part  IV. — Section  C). 

First  Paper. 

1.  An  old-established  railway  sick  and  insurance  fund  society 
grants  the  following  benefits  subject  to  weekly  contributions 
varying  according  to  age  at  entry  : 

VOL.    LIT.  2    Q 
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Sickness  All&wances : — Oft"  period  12  months. 
Full-pay  for  the  first  26  weeks. 
Half  pay  for  the  second  26  weeks. 
Quarter-pay  for  the  second  52  weeks. 

Insurance  Benefits  : 

Lump  sum  on  death  of  member. 

,,  ,,         member's    wife   in    husbaud.s 

lifetime. 

No  benefits  are  payable  imtil  26  weeks"  contributions  ha\'<' 
been  paid. 

On  sick  quarter  pay  being  exhausted  a  member  may  continue 
his  membership  for  funeral  benefits  subject  to  the  payment  of  a 
reduced  contribution. 

A  further  rule  of  the  society  states  that  ■\\hen  a  mcmbei- 
retires  from  the  servdce  of  the  railway  company  he  may  continue  as 
an  "Out"'  member,  but  the  sickness  benefits  are  reduced  by  10 
per-cent, 

A  quinquennial  valuation  is  due,  and  you  are  asked  to  tak(; 
out  the  experience  of  the  society  and  to  make  the  valuation. 

State  precisely  the  principles  upon  which  you  would  proceed. 

2.  A  large  industrial   concern  desires  to  establish  a    pension 
fund  for  its  employees  on  the  following  basis  : 

Pensions. — On  retirement  on  or  after  the  attainment  of  age 
60  a  pension  of  Ij  per-cent  of  the  total  salary  or  wages  on  which 
the  employee  has  paid  (or  is  deemed  to  have  paid)  contributions 
to  the  fund. 

Incapacity. — Subject  to  10  years'  service  and  to  attainment 
of  age  30  on  retirement  in  consequence  or  total  incapacity  for  work 
a  reduced  rate  of  pension  increasing  from  50  per-cent  of  the  ordinary 
pension  as  calculated  on  the  above  basis  at  age  30  to  97  per-cent 
of  the  ordinary  pension  at  age  59. 

On  death  in  the  serdc,  or  vjithdraical  before  retirement. — Return 
of  employee's  actual  contributions  with  2 A  per-cent  compound 
interest. 

On  death  after  retirement. — iieturn  of  excess  amount  (if  any) 
of  employee's  actual  contributions  accumulated  at  2^  per-cent 
compound  interest  over  actual  pension  payments  made. 

Employee's  Contributions. — A  varying  rate  of  contribution 
according  to  age  at  entry  into  service  increasing  from  2^  per-cent 
at  age  16  to  5 J  per-cent  at  age  50  of  salary  or  wages. 

In  respect  of  employees  in  receipt  of  salary  or  wages  in 
excess  of  £250  per  annum  in  addition  to  the  ordinary  contribution 
on  the  whole  salary  a  further  contribution  as  follows  : 
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In  respect  of  the  first      £50  of  excess,  ^  per-cent  per  ami. 
„  ,,      second  £50         ,,         1        ,,  ., 

,,  „      third     £50  ,,         \\>      .,  .,      and  so  on. 

Coiiipanifs  Contrihutions. — The  conii)any  to  contribute  in  each 
year  a  sum  equal  to  the  total  amount  contributed  by  the  em|)l()yees. 

At  the  outset  the  company  is  prepared  to  make  a  donation 
to  the  fund  sufficient  to  provide  pensions  to  the  existing  employees 
on  the  basis  that  the  employees  of  the  company  shall  have  been 
deemed  to  have  contributed  to  the  fund  for  the  whole  period  of 
their  past  service. 

You  are  consulted  by  the  company  to  ascertain  the  amount 
of  the  donation. 

State  in  detail  on  what  lines  you  would  proceed  and  how 
you  would  evaluate  the  benefits  and  contributions. 

0.  Describe  the  basis  of  reserve  values  under  the  Xational 
Insurance  Acts  as  regards  sickness,  mortality,  &c. 

In  what  manner  does  the  basis  of  transfer  values  differ  from 
that  of  the  reserve  values,  and  what  were  the  reasons  for  the 
alterations  ? 

Second  Paper. 

1.  What  alterations  were  made  in  the  (luestions  in  the 
Householder's  Schedule  for  the  1921  Census  as  compared  with  that 
used  for  the  1911  Census  ? 

Criticize  these  alterations. 

State  briefly  your  views  in  regard  to  the  classification  of  the 
population  according  to  (a)  occupation  and  (/')  industry. 

2.  At  the  desire  of  their  members  the  executive  of  a  large 
friendly  society  order  consults  you  with  regard  to  the  establishment 
of  a  centralized  widows'  and  orphans'  fund  upon  a  voluntary  basis. 

The  benefits  proposed  are  as  follows  : 

(a)  Maintenance  grant  to  the  widow  of  a  contributing 
member  with  a  child  under  14  years  of  age  of  bs.  per 
week. 

ib)  Maintenance  grant  of  the  same  amount  for  each  child 
under  14.  Three  children  to  be  the  maximum 
number  receiving  grants  at  any  one  time. 

('•)  Cash  payment  of  .£20  to  a  childless  widow  or  a  widow 
Avith  no  children  under  14. 

The  maintenance  grants  to  the  widows  are  payable  until  the 
last  surviving  child  attains  age  14  or  until  earlier  death  or  marriage 
of  the  widow. 

2  Q  2 
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The  maintenance  grants  to  the  children  cease  on  the 
attainment  of  age  14  or  at  previous  death.  In  the  latter  event  the 
grant  may  be  transferred  to  any  other  child  under  14  in  respect  of 
whom  a  grant  is  not  already  being  paid,  provided  the  maximum 
family  grant  is  not  exceeded. 

What  are  the  essential  points  to  be  considered  and  upon 
what  basis  would  you  calculate  the  necessary  weekly  contributions  ? 

What  information  would  you  recommend  be  obtained  in  the 
proposal  form  for  membership  ? 

3.  AVhat  do  you  know  of  the  various  investigations  which  have 
been  made  into  the  fertility  of  married  persons  in  Great  Britain  ? 

Criticize  the  statistics  which  were  obtained  in  this  connection 
at  the  1911  Census. 

4.  Calculate  the  mean  age,  median  age  and  standard  deviation 
in  terms  of  year  of  age  for  the  following  data  : 


Age 
5- 

No.  of  Cases 

Age 

No.  of  Cases 

20 

40- 

60 

10- 

300 

45- 

35 

15- 

860 

50- 

20 

20- 

435 

55- 

10 

25- 

230 

60- 

7 

30- 

150 

65- 

3 

35- 

70 

Total 

2,200 

Give  the  probable  error  of  the  mean  and  state  generally  the 
limitations  of  the  expression  you  use  giving  a  general  explanation  of 
those  limitations. 


PROCEEDINGS  OF  THE  INSTITUTE.— Session  1920-1921. 

First  Ordinary  Meeting,  29  November  1920. 
The  President  (Sir  Alfbed  Watson,  K.C.B.)  in  the  Chair. 
The  President  delivered  an  Inaiit^tiral  Address. 


Second  Ordinary  Meeting,   17  January  1921. 
Sir  Joseph  Buen,  K.B.E.  (Vice-President),  in  the  Chair. 

Messrs.  James  Davie,  F.F.A.,  John  Jamieson,  P.F.A.,  Alexander 
Bertram  Jolinston,  F.FA.,  Robert  Mcl)ou>;all,  F.F.A.,  George  Wilson 
jMelville,  F. F.A.,  and  John  Muirhead  Ross,  F.F.A.,  were  elected  Associates 
of  the  Institute. 


1921.]     Annual  General  Meeting. — Report  of  the  Council.       ooo 

A  paper  entitled  "  On  a  Short  ^Method  of  Con-stnictiiif;  Select  Mortalit y 
Tables  "  was  submitted  In-  the  Author,  Mr.  George  King. 

The  following  gentlemen    took    ])art  in  the  discussion  : — Messrs.  (/.  W. 
Kenchiugton.  A.  Henrv,  W.  P.  Elderton.  and  the  Chairman. 


Tliiril  OrJinanj  Mo'fint/,    l-t  February  1921. 
The  President  (Sir  Alfred  Watson,  K.C.B.)  in  the  Chair. 

Mr.  George  Steel  Campbell.  F.F.A..  was  elected  an  Associate  of  the 
Institute. 

A  paper  entitled  "  The  Census  of  ]!»21.  Some  remarks  on  Tal)ulatiou  " 
was  submitted  by  the  Author,  Mr.  F.  A.  A.  Meuzler,  B.Sc. 

The  following  gentlemen  took  part  in  the  discussion : — Messrs.  S.  J. 
Gunnin£:ham.  E.  H.  Brown,  S.  P.  Vivian  (a  visitor),  AV.  P.  Elderton. 
H.  H.  Wolfenden.  and  the  President. 


Fourth  Ordinary  Meednr/,   21  March  1921. 
Tlie  President  (Sir  Alfeed  Watson,  K.C.B.)  in  the  Chair. 

A  paper  entitled  '•Superannuation  Funds.  Notes  on  some  post-war 
problems,  together  with  an  account  of  a  Pensioners'  Mortality  Experience 
(Civil  Service  Pensioners,  1904-191J)  "  was  submitted  by  the  Author, 
Mr.  G.  S.  W.  Epps,  E.A. 

The  following  gentlemen  took  p;irt  in  the  discussion: — Messrs.  R.  (J. 
Maudling,  D.  C.  Eraser,  J.  Bacon,  A.  S.  Holness,  S.  G.  Warner. 
L.E.  Clinton,  and  the  President. 

Fifth   Ordinary  JL'cfin'j,   2o  April  1921. 
The  President  (Sir  Alfeed  AVatsox.  K.C.B.)  in  the  Chair. 

Mr.  Albert  Gibson  Barron.  F.F.A.,  was  elected  nn  Associate  of  the 
Institute. 

A  paper  entitled  "  Modern  developments  in  the  methods  of  Industrial 
Assurance  Valuations",  was  submitted  by  the  Autlior,  Mr.C.  W.  Kenchington. 

The  foUow^ing  gentlemen  took  part  in  the  discussion  : — Sir  Joseph  Burn, 
Messrs.  R.  Levey,  C.  F.  Peters,  A.  Henry.  H.  H.  Austin,  H.  L. 
Trachtenberg,  S.  G.  Warner,  and  the  President. 

The  Seventy fourt/i  Annual  General  Meeting,   G  Jane  1921. 
The  President  (^Sir  Alfred  Watson,  K.C.B.)  in  the  Chair. 

The  proceedings  at  the  Annual  General  ^Meeting  will  be  found  on 
page  561. 

REPORT,    l<J20-ly21. 

The  Council  have  the  pleasure  to  report  to  the  Members  upon  the 
work  of  the  Institute  during  the  Session  of  1920-1921,  the  sevent^'-third 
year  of  its  existence. 

There  has  been  an  increase  of  23  in  the  total  number  of  members,  as 
compared  with  the  previous  year.  At  the  end  of  the  official  year  in 
which    the    Institute    was    incorporated   by  Royal    Charter  the  number   of 
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Members  was  434;  twenty-five  years  later,  at  31  Marcli  1910,  it  was  963. 
Since  that  time  the  numbers   have  been  as  follows: 


On 

31  March 

Fellows 

Associates 

Students 

Conesfjonding 
Members 

Toua 

1911 

267 

339 

308 

20 

934 

1912 

278 

354 

268 

20 

920 

iyi3 

282 

355 

252 

19 

908 

1914 

295 

358 

238 

19 

910 

1915 

304 

361 

263 

17 

945 

1916 

308 

345 

247 

17 

917 

1917 

303 

344 

231 

18 

890 

1918 

295 

332 

215 

18 

860 

1919 

288 

330 

205 

18 

841 

1920 

305 

345 

197 

18 

865 

1921 

324 

345 

201 

18 

888 

The  following  schedule  shows  the  additions  to,  and  the  changes  and 
losses  in  the  membership  which  have  occurred  during  the  year  ending 
31    March   last  : 


ScJmhde  of  Me 

mhership,  31  3Iarch  1921. 

^ 

Fellows 

Associates 

Students 

Corres- 
liondiii<; 
Meiubeis 

Total 

i.  Number  of  j\l embers 
in  each  class  on 
31  March  1920 

ii.    Withdrawals  by 

(1)  Deiitb    .    ■     . 

(2)  l'esia:natiou    or 

otherwise  . 

■ 
iii.   Additionsto Membership 

(1)  Hy  Election  . 

(2)  By  Examination   . 

(3)  IJy  Ue-instatement 

iv.  Transfers 

(1)  Hy  Examination: 

/row*  Associates 
to  Eellows 

(2)  By  Examination  : 

from     Students 
to  Fellows 

(3)  r>y  Examination: 

from    Students 
io  Associates     . 

V.  Xumber    of    Members 
in     each     chiss    on 
31  March  1921 

305 
6 
3 

345 
3 
4 

197 
16 

18 

...  ) 
...i 

18 

-1 

18 

865 
34 

296 

296 
27 

338 

7 
"l 

179 

46 
3 

831  i 

i 

57 

346 
27 

228 

888 

323 
1 

319 

228 
1 

18 

888 

324 

1 

319 
26 

227 
26 

IS 

:       18 

888 

324 

345 

201 

888 

gr. 


1920. 
£      s. 

S,242  10 


(I.   Ainoinil 
7  (Je 


460 
395 

9S7 


10,0S6     0 


947 
727 
222 
164 


2,051 
10 


2,062 
10 
44 

84 


139 

206 

290 
16 
14 
53 


373 


S 

2 

10 

~^ 

0 

0 

0 

_0 

0 
0 


Ml 
lii 
G. 

Snl)Sfri 
Fel 
As 
Sti 
I'n 

FOL 

Kiiti-iinc 

Ass 
Sill 
Pro 


■icf  Bookcases 


'aiKlidatos(1920) 

ami  II 

ytiulents 


HaliUK-e  I  other  liismaiice 
Divi.leiK^.g  „„^  Fiftinfjs 

Cjcil>,.y  ^,,j  Priiitiiisr 

"^''■^  and  'rcleffrMiiis 

IJ 

G 


tistics    . 
itriotic    Fund   Cor 


iisre  Secunties- 


of  the  year  as  per  Balance 


1921. 
£     s.    d.        £ 
480  16     2 
43     2     6 


jioration 


523  18     8 
247     0     2 

53  16     8 


761  19  11 
356     9     6 

707     2     0 
521  17     0 

600  0     0 

669  7     5 

96  3     5 

42  4  10 

194  0  3 
59  4  2 
15  17     8 


lit   of   pocket 


Slieet 


udfotoul  correct,  4  Maij  1921. 


276  18     6 


53  16     8 
66  13     2 


405  10     5 


185 


1,676  17    9 
19     0     4 

26  19     6 


1,006    7  10 
81   16     0 


1,088     3   10 
8,986     0     2 


to  reiinquisn  nis 


J-IULCO     LU    tut 


ruufnui/. 


^nvenue  Account  for  the  year  ending  31  March 


(jenerAl  Fuii.l  (incU 
tlinn  Jour-at) 


S47    2    " 
S23  li    0 


(1.  ¥.  Hiiv.ly  MeinoriHl  Ku.i. 


::r 

'.      S 

/.ts 

rAnu 

•I  S.ib 

criptio 

.Co..., 

2,0 
omiilcl  foi-      . 

ol8  19    3  i'r.utii.i 


^  /.,.,  S.ilt.  ,l..i-i..gtl.e).-«r 

S  l,il>.«rv-  lli.iilhiB,  l'n.i-l.»«c«.  *.■.    . 
J  ,I/ooi».)  .1/1.1  r«/IWi....  J.oJ-, 

/  Meuti..gs 

£  e<i.m'.Iiiill<.u  Clinritis       . 
J)        7.m  Kfei  .-cteivml  fio...  C.ii.li.h.i, 

0  T..toi'»  fo.'  ClKssna  in  Parts  I  n.iil  H 


(JOT    0    0  Olli.u  Kx])>-i 


IT— Ku. 


J3S    2    6  I.*ctiircB  on  Firn 


e  Ko>a1   l'..lTioii(.  F I  ( 

lock  K«cl...i.Bf  Sv.i,rii;...- 


SI'»N1.R,V  HAZEl.L, 


Palihcal 

o;is  A 

co,,«lfc, 

the 

y" 

endtn 

7  31  March  \ 

.121. 

2/9  ( 

";i 

''tiPi'i 

i;H 

BB 

i^ 

..ri.l  tIuIo.  '■ 

em  16 

^ 

£      • 

i  Si.K..  (o.cli 

ling  ./an 

£  ..  d. 

m  " 

.,inrf„»,//.n»j™r, 
i).  3r.  CAIIMKNT 

',!:  '^J^ 

,.,. 

70  3  7 

txe  1,1 

£566  I 

■J 

£446  16  10 

ALKX.  S.  SKLI-AR.         ) 


Bnlitnce  Sfiee/,  31  March   1021. 


■<i  Payment  to  Th' 


TOO  0  0  ^1.000  y.-" 


laled  Stoelr.  1939-49  . 
ler-ceut  ReQutered  1930-50  Stod 
c^.,t  Inicvibed  1930-50  Stock    . 
rtiif  S/ei-h»v  Loait  of  1914 


..      l'..ji.,...t  to'lui 
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There  are  also  221.  camlidates  admitted  as  Probationers,  and  110  as 
Students  conditionally  on  tlieir  passini;  Tart  I  of  the  Kxaniination.  These 
are  not  included  in  the  ahove  v^chedule  of  Meinhership.  The  numbers  in 
these  two  classes  at  31  .March  1915  was  188  and  72.  Since  that  date  the 
numbers  have  been  as  follows  : 


On  31  March 

Probationers 

Conditional 
Students 

On  31  March 

E^obationers 

Conditional 
btudents 

1916 
1917 
1918 

172 
173 
156 

73 
67 
70 

1919 
1920 
1921 

169 
230 
221 

73 

79 

110 

The  Council  have,  with  great  regret,  to  report  the  loss  b}'  death,  since  the 
last  Annual  ileeting,  of  seven  Fellows,  Messrs.  L.  (x.  Atkins,  AI.  Besso, 
W.  P.  Clirehugh,  W.  G.  Cooper,  W.  O.  Na-h,  Dr.  T.  B.  Sprague,  and 
E.  W.  Townlej;  three  Associates,  .Messrs.  J.  A.  (ireig,  Amlrew  liolnnson, 
and  E.  Ryley  ;  and  two  Students,  Messr.s.  F.  M.  Bowles  and  H.  E.  Vineberg. 

A  Memoir  of  Dr.  T.  B.  Sprague,  by  Mr.  George  King,  setting  out  his 
great  services  to  the  Institute  and  to  the  profession  ijeneiallv,  appeared  in 
the  last  issue  of  the  Journal.  Mr.  E.  W.  Towiilev,  though  one  of  the 
youngest  Fellows,  served  the  Institute  well  both  as  a  member  of  the  Board 
of  Examiners  and  recently  as  a  member  of  the  Council.  Mr.  W.  O.  Nash 
had  also  served  on  the  Council,  and  as  an  Examiner. 

The  Annual  Subscriptions  and  the  Entrance  Fees  appearing  in  the 
Revenue  Account  amounted  to  £2.204.  9.y.  6c/.,  as  compared  with 
£2,201.  6.9.  G'/.  in  the  previous  year.  The  Income  and  Expenditure  for  the 
year  were  £2.852.  7a-.  Orf.  and  £2,711.  7a-.  4f/.  respectively. 

After  careful  consideration  the  Railway  and  other  Stocks  were  sold  at 
the  beginning  of  the  tinancial  year,  and  the  proceeds  reinvested  in  short- 
dated  securities.  The  loss  involved  amounted  to  £1.0S8.  3.v.  lOt/.,  as  shown 
in  the  Revenue  Account.  The  £5.000  Treasury  Bill  ajipearing  in  the 
present  Balance  Sheet  has  been  discounted  since  the  31  March  last  and 
invested  in  3  per-cent  Local  Loans  and  4  per-cent  Funding  Loan. 

The  Examinations  were  held  in  June  and  December  last  year  with  the 
following  results  :  * 


Part 

Entfred 

t<at 

Passed 

I,  Sec.  A         .          .          .          . 

216 

195 

58 

1,  Sec.  15         ...          . 

193 

163 

57 

11 

74 

68 

29 

Ill,  Sec.  A         .... 

70 

68 

24 

Ill,  Sec.  H         .          .          .         . 

50 

47 

27 

IV,  Sec.  A         .... 

42 

39 

29 

IV,  Sec.  C        .          .         .          . 

1 

1 

1 

^  For  the  names  of  the  saccessful  Candidates  see  pp.  :22S  and  557. 

Notice  has  been  given  tliat  the  Examinations  following  those  to  be  held 
next  month  will  take  place  in  April  1922,  and  thereafter  annually. 

The  question  of  a  revised  Syllabus  is  now  receiving  the  consideration  of 
the  Council. 

A  Supplement  to  the  Short  Collection  of  Actuarial  Tables  has  been 
published  during  the  year.  The  Supplement  was  prepared  niainh'  for  use 
in  connection  with  the  Examinations,  but  it  is  believtd  that  the  contents 
will  be  found  of  general  utility  to  the  profession. 

The  Council  regret  to  report  that  IMr.  W.  C.  Sbarman  has  been  obliged 
to  relinquish  his  valuable  contribution  of  Legal  Notes  to  the  JouTmal.     The 
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Council  have   arranged   with    Mr.    11.    A.   Bateman,    Barrister-at-Law,   to 
contribute  similar  Legal  Notes  for  the  current  year. 

The  Council  have  had  under  consideration  for  some  time  the  question  of 
a  new  Text-Buok,  Part  II.  The  existing  volume  was  first  published  in  1887 
and  revised  in  1902  and  the  actuarial  profession,  throughout  the  world,  i.s 
deepi}'  indebted  to  its  Author,  .Mr.  (jeoige  King,  for  a  work  which  has  been 
invaluable  in  the  training  of  the  actuar}-.  Educational  conditions  have, 
however,  changed  and  the  Council  concur  in  the  view  that  a  re-arrangement 
of  the  Text-Buok  is  necessary  in  order  that  students  entering  upon  their 
actuarial  studies  ma}'  take  full  advantage  of  their  previous  training.  It  has 
been  decided  that  the  new  Text-Book  shall  be  in  two  volumes,  one  relating 
to  the  mathematical  basis  of  actuarial  science  and  the  other  to  the  theory  of 
life  contingencies.  The  preparation  of  these  volumes  has  been  entrusted 
respectively  to  Mr.  A.  Henry  and  Mr.  E.  E.  Spurgeon. 

The  Council  have  also  to  report  that  preliminary  arrangements  are 
being  considered  with  a  view  to  a  fresh  investigation  into  the  mortality  of 
Life  Annuitauts. 

The  stock  in  hand  of  the  Institute  publications  on  31  March  was  as 
follows : 

Descriptiou  of  Work 
Parts  of  Journal. 
Index  to  Vols.  1  to  40. 
Text-Book,  Part  1  (Uevised  Edition). 
Text-liouk,  Part  11  (.Second  J'-dilion). 
Goveiuuient  Joint-Life  Auniiity  Tables. 
Select  Life  Tables. 
A  Short  Collection  of  Actuarial  Tables  (Ne«v 

Editiouj. 
Supplement  to  the  above. 
Frequency-Curves    and     Correlation,    with 
Addendum  and  Errata  (W.  P.  Eiderton). 
^  Lectures  on    Einauce  and   Law   (Clare  and 
C,       Wood  Hill). 
Lectures    on    the    Companies    Acts    (A.   C. 

Clauson). 
Lectures  on  the  Law  of  Mortgage  (W.  G. 

Hayter). 
Lectures  on   the    Measurement   of    Groups 

and  Series  (A.  L.  Bowley). 
Lectures  on  the  Construction  of  Tables  of 
Mortality,  &c.  (Sir  G.  P.  Hardy,  K.C.P.). 
Lectures  on   Stock    Exchange   Investments 

(Sir  J.  Hnrn,  K.B.E.). 
Messenger  Prize  Essay  on  Friendly  Societies 

(Sir  G.  F.  Hardy,  K.C.B.). 
Lectures     on     Friendly     Society     Finance 

(Sir  A.  \V.  Watson,  K.C.B.). 
South  African  War  Mortality  (F.  Scliooliito- 

and  E.  A.  Rusher). 
Life  Assurance  Law  (A.  R.  Barrand). 
Xewton's     Interpolation    Formula;    (D.    C. 

Eraser). 
British  Offices'  Valuation  Tables. 
British    Offices'    2J    per-cent     Temporary 

Annuity  Values. 
Transactions  of    the    Second    International 

Consrress  of  Actuaries. 
Index    to    Transactions    of    Seven    Inter- 
national Actuarial  Congresses. 
Pamphlet  of  Examination  Questions. 


No.  of  Coines 
30,496 
715 
1,148 
14U 
627 
724 
191 

475 
610 

36  in 
2,270  in 
1,514 

cloth        \ 
paper      )    • 

1,157 

666 

1,269 

735 

455 

1,451 

309 

203 
48 

606 
607 

127 

76.-^ 

179 

10  May  lOiM 

1921. J     Annual  General  Meeting. — Report  of  tlie  Council.       'ti')l 

EXAMINATIONS,   DECEMBER   1920. 

Examinations  were  held  on  the  13th,  lith  and  15th  December  1920,  at 
London,  Liverpool,  Birminj^ham,  Cardiff,  Norwich,  Edinburgh,  Dublin, 
Melbourne,  Sydnej',  Wellington,  Montreal,  Toronto,  Ottawa,  Winnipeg, 
Bombay,  and  Calcutta,  with  the  following  results: 


Part 


-Section  A. 


One   hundred    and   five  candidates   sent   iu    their     names,    of    whoiu 
ninety-four  presented  themselres,  and  fort3'-two  passed,  nameh- : 


Ascott,  (jr.  R. 
Bain,  A.  AV. 
Blacknell,  E.  H. 
Briscoe,  H.  J. 
Brown,  F.  S. 
Galium,  J.  A. 
€ope,  H.  J.  B. 
Cullinan,  C.  B. 
Cunningham,  P. 
Elrick,  W. 
Fagg,  R.  J. 
Flew,  G.  H. 
Gardner,  W.  F. 
Geddes,  G.  W. 
<Juest,  C.  F. 


Hawes,  A.  P.  M. 
Hickox,  W.  E.  H. 
Jennings,  G. 
Kingham,  C.  E. 
Lancashire,  J.  K. 
Lane,  H.  A. 
Lavery,  R.  W. 
Legge,  Miss  P.  C. 
Lockwood,  B. 
Matthews,  H. 
Melville,  C.  A, 
Melville,  L.  G. 
Mitchell,  H.  H. 
Mogg,  H.  B. 
Phuit.  X. 


Pollock,  W. 
Powell,  H.  R. 
Ratcliff,  E.  W.  N. 
Scott,  A.  W. 
Smyth,  H.  G. 
Tate,  J. 

Tulloch,  Miss  AI.  M.  X. 
Tyler,  A.  T. 
Usherwood,  K.  A. 
van  Nickerk,  J. 
Whitweil,  T. 
Wright,  J.  I.  W. 


Paet  J. — Section  B. 

Eighty-eight   candidates  sent  in   their   name.« 
presented  themselves,  aud  thirty  passed,  namely: 


Allen,  P.  A. 
Briscoe,  H.  J . 
Cullinan,  C.  B. 
Davis,  C.  M. 
Fanner,  H.  A. 
Flew,  G.  H. 
■GRrdn2r,  C.  G. 
Gill,  D.  H. 
•Gregory,  Miss  G.  C. 
Hawes,  A.  P.  M. 
Hickox.  AV.  1-].  H. 


Hornsby,  S.  .1. 
Jennings,  E.  K. 
Kemp,  AY.  B. 
King,  G.  C.  H. 
Kitton,  J.  H. 
Maggs,  C.  G. 
Melville,  C.  A. 
:\lelville,  L.  G. 
Mitchell,  H.  H. 
Pal,  A.  T. 
Paul,  H.  C. 


of   whom    seventy-five 


Pearson,  A.  ii. 
Powell,  H.   \l. 
Subramonyain.  A.  \. 
Tyler,  A.  T. 
Usherwood, K.  A. 
Williamson,  W.  H.  R. 
AVillows.  C.  E. 
Yetton.  J.  L. 
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Thirty-eiglit   candidates   sent    in    their   names, 
])rcsented  themselves,  and  ten  passed,  namely  : 

Cale.C.  E.  i     Grimshaw,  W.  E.  ) 

Clong-h,  W.  H.  !     Murrell,  K. 


>F     whom    thivtv-six 


Davis,  C.  M. 
Davis.  .Aliss  D.  B. 


Perks,  W. 


Scott,  Miss  H.  M. 
Walker,  R.  B. 
Williams,  G.  T. 


Part  III.— Section  A. 


Thirty-four    candidates     sent    in   their  names,  of     wlioni    tliirty-t\v(> 
[)re.sented  themselves,  and  fourteen  passed,  namel}' : 

Andras,  J.  B.  Marriott,  A.  Spurgeon,  C.  B. 

Freeman,  H.  O'Brien,  H.  AValker,  J.  li. 

Hocking,  W.  S.  Reynolds,  P.  C.  Waller,  F.  W. 

Holgate,  B.  Schwehr,  AV.  E.  P.  Woodrow,  G. 

Johnston,  W.  N.  Shrewshurv.  A.  IT. 


Part  III.— Skction  B. 

T\vent\--six    candidates    sent    in    their  names,     ot"    wlium    twcnty-four 
]iresented  themselves,  and  fourteen  passed,  namelj'  : 

Coleman,  H.  D.  ]     Morton,  F.  W. 


Goodfellow,  P. 
Hooker,  P.  F. 
Innes,  F.  F. 
Milnes.  H.  L. 


Ferryman,  F.  S. 
Priestman,  B. 
Rowell.  A.  H. 
Thomas.  J.  H. 


Thorpe,  A.  H. 
Warren,  C.  F. 
Welsh,  W. 
Wood  row,  (i. 


Part  IV. — Sectiox  A. 

Eighteen   candidates   sent  in   their  names,  of  whom  sixteen  presented 
themselves,  and  eleven  passed,  namely  : 

tAtkins,  F.  C. 
fBaker,  S.  H. 
tBrown,  S.  P. 


•Clegg,  C. 


Knowles,  M.B. 
■fJohnson,  A.  N. 
fJones,  R.  McNair 
t Preston,  J.  E. 


tlluddle,  F. 
tStockman,  G.  I>. 
tWickens.  C.  H. 


Those  m.iiked  (f)  have  now  completed  the  Examination  for  ihe  Class  of  I'l  IIcih . 


By  Order  of  the  Council, 

C.  R.  Y.  COUTTS, 

.  Chairman  of  Board  of  E.caniincrs. 

H.  M.  TROUKCER, 
A.  C.  THORNE, 

Joint  JLonoraru  Serrelarieti. 


2i  Fthruary  1921. 
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EXAMINATIONS,  JUNE  li»2]. 

Examiniilioiis  were  held  on  the  20th,  21st  and  22nd  June  l'J21,  at 
Loudon.  Liverpool,  Birmingham,  Cardiff,  Norwich,  Edinhurgh.  Dublin, 
Melbourne,  Sydney,  Wellington,  Montreal,  Toronto,  Ottawa,  Winnipeg, 
Bombaj'.  Calcutta,  Singapore,  and  Shanghai,  with  the  following  results  : 

Pakt  I. — Seltiox  a. 

One  hundred  and  two  candidates  sent  in  their  names,  of  whom 
ninety-live  presented  themselves,  and  twenty  ])assed,  namely: 


Aiyangar,  31.  N. 
East.  G.  W. 
Eedle,  A.  J. 
Gardner,  C.  <j. 
Grealy,  L.  J. 
Gupta,  It. 
llaslehurst,  G. 


Joshi,  K.  Y. 
Kitton.  J.  H. 
Lynch,  L. 
Madhava,  K.  E. 
Patterson,  J.  K. 
Pearson,  A.  M. 
Pradhan.  G.  N. 


Puckridge,  C.  E. 
Ptead,  E.  K. 
Subramonyam,  A.  V. 
Turnbull,  J. 
Turner,  G.  C. 
Wen  born.  N.  S. 


Part  I. — Skction  B. 

Ninet3'-three    candidates   sent   in    their   names,   of    whom    eighty-oae 
presented  themselves,  and  twenty-seven  passed,  namelj' : 


Ascott,  G.  R. 
Bain,  A.  W. 
Brown,  F.  S. 
Cooper,  F.  II. 
Cope,  H.  J.  B. 
Daubney,  T. 
East,  G.  W. 
Eedle,  A.  J. 
Gardiner,  W.  H. 


(J'lodfellow,  F. 
Holmes,  G.  L. 
Hone\',  F.  J.  C. 
Horsely,  N.  A. 
Isaac,  L.  F. 
Joshi,  K.  Y. 
Kempe.  F.  E. 
Lane,  H.  A. 
Laverv.  P.  AV. 


3Iadhava,  K.  V>. 
Matthews,  H . 
.Alogg,  H.  B. 
Plant,  N. 
Batcliff,  E.W.N. 
Smyth,  H.  G. 
Strachan,  \Y.  B. 
Tate,  J. 
Whitwel!.  T. 


Pakt  II. 

Fifty-three     candidates    sent    in    their    names,    of     whom     tifty-two 
presented  themselves,  and  twenty-four  passed,  namelj' : 


Balmford,  AV.  C. 
Care,  H.  C. 
Culliman,  C.  B. 
Cutler,  D.  G.  S. 
Dodwell,MissM.  E. 
Dowsett,  R.  E. 
Gardner,  W.  F. 
Gregory,  Miss  G.  C. 


Guest,  C.  F. 
Haynes.  T.  AV. 
Horn  shy,  S   J. 
Jones,  H.  G. 
Keady,  P;  J. 
Mitchell,  II.  H. 
Parker,  K.  0. 
Patterson.  J.  R. 


Poldeu,  L.  S. 
Rowan,  H.  R. 
Scott,  A.  AV. 
Smyth,  H.  G. 
Taylor,  J.  A.  G. 
Usherwood,  K.  A. 
A^aidyanathan,  L.  S. 
AVhitwcll,  T. 
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Paet  III. — Section  A. 

Forty  candidates  sent  in  their  names,  all  of  whom  presented  themselves, 
and  sixteen  passed,  namely  : 


Brown,  E.  A.  L. 
Clough,  W.  H. 
Cope,  A. 
Davis,  C.  M. 
Porster  W.  A. 
Gostelow,  C. 


Hooker,  P.  F. 
Morton,  F.  W. 
Murrell,  R. 
Perks,  W. 
Ferryman,  F.  S. 
Priestman,  B. 


Robinson,  A. 
Scott,  Miss  H.  M. 
Taylor,  F.  G. 
Walker.  R.  B. 


Paet  III. — Section  B. 
Twenty-nine   candidates  sent  in   their   names,  of    whom    tweiity-eitilit 
presented  themselves,  and  fifteen  passed,  namely  : 


Andras,  J.  B. 
Cale,  C.  E. 
Davie,  J. 
Davis,  C.  M. 
Davis,  Miss  D.  B. 


Garland,  W.  E. 
Lochhead,  R.  K. 
Millward,  G.  D. 
Pedoe,  A. 
Reynolds,  P.  C. 


Sanger,  C.  W. 
Sliephcrdson.  II.  J. 
Taylor,  F.  G. 
Waller,  F.  W. 
Wilson,  A.  B.  S. 


Part  IV. — Section  A. 
Nineteen    candidates    sent    in    their    names,    all    of    whom    presentcil 
themselves,  and  thirteen  passed,  namely  : 


tBradshaw,  F.  L. 
fCarey,  N.  L. 
fCarpmael,  0. 

Freeman,  H. 

Hockincr.  W.  S. 


fHolgate,  B. 
Innes,  F.  F. 
Johnston,  W.  N. 
Mabon,  J.  B. 
Marriott,  A. 


Rowell,  A.  H. 
tRutherford,  C.  D. 
fSpurgeon,  C.  B. 


Paet  IV. — Section  B. 
One  candidate  presented  himself  for  this  Section  and  passed,  namely  : 
tRutherford,  C.  D. 


Paet  IV. — Section  C. 
Six  candidates  sent  in  their  names,  all  of  whom  presented  themselves, 
and  one  passed,  namely  : 

tKnowles,  M.  B. 


Those  marked  (t)  have  now  completed  the  Kxamination  for  the  Class  of  Fellow. 

By  Order  of  the  Council, 

C.  R.  V.  COUTTS, 

Chairman  of  Board  of  J'Jxaniiner.-t 
A.  C.  THORNE, 
H.  J.  BAKER, 

Joint  Honorary  Secretaries. 
13   Septemljer  1921. 
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PROCEEDINGS  AT   THE   ANNUAL    GENERAL   MEETING. 

The  Seventy-Fourth  Annual  General  Meeting  of  the  Institute  of 
Actuaries  was  held  in  Staple  Inn  Hall,  Holborn,  on  Monday,  6  June  1921, 
Sir  A.  W.   Watson,  K  C.B    (President),  in  the  Chair. 

The  Pbbsidext  said  that  before  proceediu'.^  with  the  ordinary  business 
of  the  meeting  he  proposed  to  have  the  ballot  papers  for  the  election  of 
new  members  of  the  Council  distributed,  so  that  they  might  be  collected  and 
counted  during  the  meeting.  On  the  present  occasion  the  form  of  the 
ballot  paper  had  been  somewhat  altered  to  bring  it  into  conformit}'  with 
that  usually  adopted  in  other  similar  professional  bodies.  The  names  of 
the  seven  Fellows  nominated  for  the  five  vacancies  were  set  out,  and  the 
members  were  invited  to  strike  out  two  names.  If  more  names  tiian 
two  were  struck  out,  the  ballot  paper  would  not  thereby  be  invalidated;, 
there  was  nothing  in  the  Bye-laws  to  compel  members  to  vote  for  the  full 
number  of  five  to  fill  the  vacancies,  and  a  member  was  at  liberty  to 
strike  ont  more  than  two  names  if  he  felt  disposed  to  do  so.  At  the  same 
time  he  would  like  to  bring  before  the  members  some  reflections  which  had 
occurred  to  him  and  others  during  the  past  twelve  months  and  whicli  he 
thought  were  deserving  of  attention.  Tlie  system  of  election  by  ballot  had 
now  been  in  existence  for  two  years,  and  a  tendency  had  been  observed  on 
the  part  of  some  members  to  vote  for  only  one  or  two  candidates.  That 
was  clearly  and  absolutely  within  their  right,  but  he  was  very  much  afraid 
that  if  this  tendency  continued  and  developed  it  might  be  found  in  the 
course  of  a  few  j'ears  that  the  Council,  instead  of  being  representative  of 
the  whole  of  the  Institute,  was  individually  representative  of  particular 
sections.  He  tliought  that  that  would  be  a  transformation  of  the  present 
conditions  wliich  everyone  would  deplore.  Tiie  Council  had  duties  cast 
upon  it  by  public  authorities  and  others  from  time  to  time  of  a  peculiarlj-- 
onerous  and  responsible  cliaracter,  and  personally  he  would  like  it  under- 
stood, not  merely  b}'  the  Institute  but  by  the  world  outside,  that  there  were 
no  sections  amongst  the  members  of  the  Institute,  that  the  professional 
interests  of  all  members  were  the  care  of  ever}'  one,  and  that  the  Council  was 
not  elected  as  it  were  by  sections  but  was  representative  of  the  wliole  of  the 
actuarial  community.  He  hoped  he  was  not  trespassing  beyond  the  liberty 
which  should  be  allowed  to  the  President  iu  bringing  the  matter  forward. 
It  was  entirely  within  the  option  of  the  members  to  vote  for  as  many 
candidates  as  they  liked  not  exceeding  five,  but  he  would  put  it  to  their 
perscmal  judgment  as  to  whether  it  was  not  desirable  that,  as  far  as 
possible,  each  should  endeavour  to  vote  for  five  cindidates. 

The  ballot  papers  were  then  distributed  and  it  was  announced  at  the 
conclusion  of  the  meeting,  that  Mr.  C.  R.  V.  Coutts.  Mr.  John  Spencer, 
Mr.  A.  T).  Besant,  Sir  G.  E.  May,  K.B.E.,  and  Mr.  J.  M.  Laing  had  been 
elected,  and  that  the  Council  and  Officers  for  the  ensuing  year  would 
accoidingly  be  as  follows  : 

Election  of  Officers. 

President. 

SiE  Alfred  "William  Watsox,  K.C.B. 

Vice-Presidents. 

James  Dot^GLAS  Watsox.  |     William  Paltn  ELDEUTnN,C.B.E. 

Abuaham  Levixe,  M.A.  |     Harold  Moltke  Trouxcer,  M. A. 
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Hbubert  Hknev  Austin. 
Henuy  James  Baker. 
Aethue  Ilnvs  Barrand,  M.P. 

*AuTHtJR    DiGBY    BeSANT,    B.A. 

Louis  Ernest  Clinton. 
*Charles  Ronald  Vawdrey 
C-v^utts. 

William  Palin  Elderton.CB.E. 

Alfred  Henry. 

Lewis   Frederick  Hovil. 

Charles  William  Kenciiington. 
*James  Murray  Laing. 

Abraham   Levine,  MA. 

George  J  AMES  Lidstone,F.R.S.E. 

Harold  Edward  William  Lutt. 

Geoffrey  Marks.  C.B.E. 


Council. 

Reginald  George  Maudling. 
*SiE  George  P^enest  May,  KB.E. 
Henry  Edward  Melyille. 
Henry  John  Percy  Oakley,  MC 
William   Penman. 
William  Peyton   Phelps,  M.A. 
John  Spencer 
Frank  Peucy  Symmons. 
Alfred  Charles  Thorne. 
Harold  Moltke  Trouncee,  M.A. 
S.^MUEL  George  Warner. 
SiE    Alfred    William    Watson. 

K.C.  B. 
James  Douglas  Watson. 
Aethue  Thomas  Winteb. 


'  Not  Meiubei-s  of  the  last  Council. 

Treasurer. 
Lewis  Predeejck  Hoyil. 


Honorary  Secretaries. 
Alfeed  Charles  Thoene.  |    Heney  James  Bakee. 

In  moving  the  adoption  of  the  report  and  accounts,  the  Peesident 
referring  to  the  paragraph  which  recorded  th^  losses  sustained  hy  deatlv 
since  tlie  last  annual  meeting,  expressed  regret  that  t\\^j  had  again,  as  was 
the  case  last  year,  to  tuourn  the  loss  of  a  memt)er  of  the  Council,  who  had 
died  since  the  report  was  prepared.  He  referred  to  the  lamented  death  of 
their  colleague,  Mr.  W.  C.  Sharman.  Mr.  Shannan  became  a  Fellow  of 
the  Institute  in  1901,  and  had  serYed  for  several  ^'ears  on  the  Council.  Ho 
had  been  a  member  of  the  Board  of  Examiners,  and  for  some  years  had 
contributed  the  Legal  Notes  to  the  Journal.  It  was  to  the  Council  a 
matter  of  great  personal  regi-et  to  have  Inst  so  e.Kceilent  and  engaging  a 
coUeaiiue  as  Mr.  Sharman.  Conclusive  testimony  to  his  many  admirable 
qualiiies  was  afforded  by  the  high  esteem  in  wliicli  lie  was  held  by  his 
colleagues  in  the  irreat  institution  in  wliose  service  he  had  risen  to  a  high 
place.  He  was  sure  that  the  feeling  of  regret  at  the  untimely  loss  of  J\lr. 
^barman  would  be  unanimous. 

The  report  set  out  in  fairly  complete  detail  tlie  activities  of  the  Council 
during  the  last  twelve  months.  He  would  refer  to  one  or  two  matters  that 
were  not  mentioned  in  the  report,  but  which  he  thouglit  should  be  known  to 
the  members  of  the  Institute  generally.  Twelve  months  ago,  at  the  desire 
of  the  Government,  the  Council  appointed  a  Committee  to  assist  in  the 
very  important  work  of  preparing  the  pensions  part  of  the  claim  against 
Germany  for  reparations.  'I'hat  work  was  now  finished,  and  so  far  as  the 
preparation  of  tlie  pensicm  claim  was  concerned  it  was.  he  thouglit,  due  to 
those  members  of  the  Council  who  assisted  in  the  work  that  he  should  say 
how  adequate  and  how  substantial  tbeir  assistance  had  been.  He  thought 
he  was  betraying  no  ofRcial  confidence  when  he  said  that  the  claim  sent  iu 
was  eminently  satisfactory  in  the  sense  that  it  was  not  seriously  cliallenged, 
and  for  t'lat  he  was  sure  no  little  part  of  the  credit  was  due  to  those 
members  of  the   Institute  who  were  consulted  in  i's  preparation. 

One  other  matter  arising  out  of  the  war  was  also  omitted  from  the 
present  annual  report.  On  the  table  was  a  plan  of  the  proposed  memorial 
to   be   erected   in   the    Hall,   as   a  tribute   to   the  memory  of   those   who 
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sacrificed  their  lives  for  their  country  in  the  great  struggle  of  1914-18. 
The  Council  had  been  extrenif-ly  anxious  that  whatever  niemorial  w;is  put 
up  in  the  Hall  should  be  in  keeping  with  the  character  of  the  Hall  itself. 
It  was  believed  that  at  length  a  satisfactory  solution  iiad  been  arrived  at 
and  a  form  of  memorial  obtained  which  would  be  a  credit  to  the  Institute, 
which  would  be  fitting  iu  view  of  the  services  it  was  intended  to 
commemorate,  and  which  would  be  in  keeping  with  the  general 
characteristics  of  the  ancient  Hall.  Had  it  been  thought  proper,  it  would 
have  been  possible  to  erect  a  memorial  at  the  cost  ot  the  Institute  without 
appealing  to  the  members  to  contribute.  That  course  received  due 
consideration  from  the  Council,  but  they  felt  upon  reflection  that  it  Wduld 
be  a  poor  and  unsatisfactory  thing  were  they  merely  to  provide  a  niemorial 
and  charge  it  to  the  existing  funds  of  the  Institute.  They  felt  it  would  be 
the  desii-e  of  every  member  to  have  some  personal  share  in  the  tribute 
to  their  departed  colleagues  wliich  the  memorial  was  to  represent,  and 
they  therefore  decided  to  give  every  member  an  opportunity  to  subseribe 
directly  an  amount  not  exceeding  one  guinea  towards  tlie  cost.  Those 
gallant  members  of  the  Institute  who  served  and  liappily  came  back  would, 
lie  was  sure,  be  glad  to  contribute  their  share  to  the  memorial  to  their 
departed  c(dleagues,  wliile  those  who  stayed  behind  could  only  in  that  wav 
directly  testify  to  the  deep  and  unfailing  gratitude  the}'  felt  to  those  who 
had  sacrificed  their  lives.  He  hoped  that  when  the  members  reassembled 
in  the  autumn  the  memiu-ial  would  be  erected  and  ready  for  unveilino-.  Ihe 
only  other  matter  he  need  mention  was  the  interesting  activity  of  the 
International  Congress  of  Actuaries.  Their  colleagues  on  the  Continent 
who  belonged  to  the  allied  nations  seemed  to  have  kept  the  desirabilit}'  of 
maintaining  the  Congress  in  their  minds  during  the  long  years  of  war,  and 
now  that  peace  had  arrived  and  reconstruction  was  in  progress,  tlie\'  were 
keenly  desirous  of  reviviui;  the  activities  of  the  Congress.  It  was,  of 
course,  a  rather  delicate  matter  to  know  j^reciselv  how  to  briiMi-  into 
harmonious  relations  in  a  scientific  and  social  gathering  the  actuaries  of  not 
only  the  Allied  and  associated  countries  but  also  those  of  the  countries 
which  had  been  opposed  to  us.  Mr.  Woods  and  he  had  had  the  great  pleasure 
of  attending  the  annual  meeting  of  the  Permanent  Committee  of  the 
International  Congress  a  few  days  ago,  and  from  what  he  could  gather  of 
the  views  of  the  Allies  and  associates  some  time  would  have  ro  elapse  before 
their  former  enemies  could  be  again  received  as  friends.  'J'here  «as  astiono- 
desire  on  the  part  of  some  members  of  the  profession  abro;id  to  have  a 
Congress  at  as  eaily  a  date  as  possil)]e,  and  he  thought  it  quite  likelv  that 
it  would  be  called  in  1923.  The  English,  the  ^Scottish,  and,  he  believed,  the 
French  actuaries  had  stipulated  that  the  Congress  should  not  be  earlier  than 
1923,  but  when  it  did  come  he  sincerely  hoped  that  the  Institute  would 
take  the  same  prominent  share  in  the  work  and  in  the  preparation  of  papers 
to  be  submitted  that  it  had  taken  in  respect  of  all  previous  Congresses. 

Sir  Joseph  Buen.  in  seconding  the  motion,  said  that  he  had  lelt  the 
death  of  their  late  collengue,  Mr.  Sliarmin.  more  than  he  could  express, 
and  he  knew  that  there  were  many  members  of  the  Institute  who  shared  his 
feelings.  With  regard  to  the  rej^ort  itself,  he  lelt  sure  that  most  nu-mbers 
would  appreciate  the  reference  to  the  sugi,'ested  invest  ligation  into  the 
UKU-tality  of  life  annuitants.  The  Council  was  very  anxious  to  obtain  an 
experience  which  should  be  for  the  first  time  up  to  date,  and  that  meant 
getting  the  work  done  quickly  so  that  the  results  mijjht  be  obtained  within 
quite  a  short  time  after  the  closing  date  of  the  experience.  He  ihouylit  the 
proposed  rearrangement  oF  the  Ttxf-Book  was  a  matter  for  congratiihition, 
and  with  regard  to  the  alteration  in  the  syhaluis,  he  knew  that  some 
members  thought  it  might  bean  advantage  to  include  a>^'ain  some  knowledo-e 
in  relerence  to  finance.  That  was  a  matter  whicli  was  to  be  furtJier 
considered. 

On  the  motion  of  Mr.  Tutill,  seconded  by  Mr.  Copk,  Messrs.  D.  M. 
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Carment  and  Alex.  S.  Sellar  were  re-elected  and  Mr.  E.  A.  Woodall  elected 
as  auditors  for  the  coming  j-ear. 

Mr.  Cross,  in  proposinj^  a  vote  of  thanks  to  the  President,  Vice- 
Presidents,  Council  and  Officers  for  their  services  during  the  past  year,  said 
that  but  for  the  fact  that  the  President  was  taking;  office  for  another  j-ear 
he  would  like  to  have  expressed  their  great  indebtedness  to  him,  but.  as 
things  were,  that  pleasing  duty  could  be  left  to  the  next  annual  meeting. 
He  would  like  to  include  in  the  A'ote  of  thanks  Mr.  Jarvis,  the  Assistant 
Secret  ar  J' . 

Mr.  MoEAN  seconded  the  motion,  which  was  carried  unanimously. 

jMr.  Collins  moved  a  vote  of  thanks  to  the  auditors — Messrs.  Stanlev 
Ilazell,  D.  M.  Carment  and  A.  S.  Sellar — for  their  services  during  the  past 
year,  and,  Mr.  Sheriff  having  seconded,  the  motion  was  unanimously 
carried. 

JMr.  Hazell,  on  behalf  of  his  co-auditors  and  himself,  briefly  thanked 
the  meeting  for  the  kind  recognition  of  their  services. 

The  PRESIDENT,  on  behalf  of  the  Officers  and  the  Council,  tendered  very 
sincere  thanks  for  the  vote  of  thanks  that  had  been  given  them.  It  had 
been  a  verv  arduous  session.  The  Council  had  disposed  of  what  he  thought 
was  probably  a  record  amount  of  business.  Speaking  for  himself,  he  would 
be  doing  less  than  justice  were  he  not  to  acknowledge  the  splendid  assistance 
he  had  received  from  the  Vice-Presidents  and  most  especially  from  the 
lIonorar3'  Secretaries.  He  would  like  to  say  how  much  the  Institute  owed 
to  the  zeal,  indiistry  and  discretion  of  its  Assistant  Secretary,  Mr.  Jarvis. 
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Accountants,  Institute  of  Chartered,  in  England  and  Wales, 

List  of  Members,  &c.,  1921.  The  Institute. 

Accountants  and  Auditors,  Society  of. 

List  of  Momber.s,  &c.,  1921.  The  Society. 

Actuarial  Society  of  America. 

Transactions,  1920.  The  Society. 

Containing,  inter  alia — 

"Lifluence    of    Occupatiou    on    Mortality",    by 

A.  Hunter  and  Dr.  O.  H.  Rogers. 
"Notes  on  Problems  of  Small  Pension  Funds",  by 

J.  B.  ]\Iaclean. 
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Actuarial  Society  of  America — continued. 
Transactions,  1920 — continued. 

"Amortization  of  Bonds,"  by  P.  C.  H.  Papps. 
"Some  inrtuences  affecting  the  interest  rate,"  by 

\\\  M.  Strong. 
"  Mortality  on  colored  lives",  by  J.  D.  Craig-. 
"Mortality  experience  of  the  Sun  Life  Assurance 
Co.  of  Canada  among  Annuitants ,"  by  A.  B. 
Wood. 
Problems  and  Solutions.     Associateship  Examinations,  "\ 
Parts  I  and  II,  1915-1919.    8vo.  New  York.  1921./ 

Actuarial  Society  of  Australasia. 
Proceedings,  1920. 

Actuarial  Society  of  Scandinavia. 

Transat-tioiis. 

Actuaries,  Faculty  of. 
Transactions,  1920. 
Containing,  inter  alia — 

"  On  some  disputed  questions  of  Probability  ",  by 
Prof.  E.  T.  Whittaker. 

"  Summary  of  correspondence  between  the  late 
Sir  George  F.  Hardy  and  a  reviewer,  on  the 
applicability  of  the  Bayes-Lnplace  formula  for 
mortality  rates."  (Extracted  from  the 
Insurance  Record,  1889). 

"  Note  on  the  general  case  of  the  Bayes-Laplace 
formula  for  inductive  or  a  posteriori 
Pi'ohabilities  ",  by  G.  J.  Lidstone. 

"The  Tlieory  of  Inverse  Probability,  with  special 
reference  to  Prof.  Chrystal's  jjaper  'On  some 
fundamental  principles  in  the  Tlieory  of 
Probability  ' ",  by  J.  Govan. 

American  Mathematical  Society. 
Transactions. 

American  Statistical  Associatiou. 
Transactions. 

Argentine  Republic. 

Anales  del  Instituto  Argentino  de  Actuarios. 
Estatutos,  exposicion  de  motivas.  Buenos  Aires. 
1920. 

Association  Royale  des  Actuaires  Beiges. 
Bulletin  of  the. 

Association  of  Life  Insurance  Medical  Directors   of  America. 
Abstract    of    Proceedings,    1919-20,     1920-21.     8vo.  ) 

i 
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New  York.     1920-21. 


Bagehot  (Walter). 

Lombard  Street.     A.  description  of  the  Monev  Market.  > 
iOth  edit.     8vo.     1892.  "  ) 

VOL.    LII. 


The  Society. 

The  Society, 
The  Society. 
The  Faculty. 


The  Society. 
The  Associa/ion. 

The  Inst  it  tile. 

The  Association. 
The  Association. 

G.  J.  Lidstone. 
2    R 


I'he  Author. 
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Selgium. 

The    Niitioual    Bank    of    Eelgium  uiuUm-  the    Germau  "1 

Occupation,  1914-1918.     X.D.  /        i.r,ie.st  T\  oorh. 

Benes  (J.). 

Sur    la    Statistique  et  sa  Theorie,  snr  les  Sciences   ct ") 
Interets  aux  quels  elle  s'applique.     Prague.     1920.  ) 

Bertrand  (J.). 

Calcul  des  Probabilitc-.     8vo.     Paris.     1907.  Purchased . 

Beveridge  (W.  H). 

Unemployment.     A  problem  of  Industry.     Svo.     1919.      V.  Pri/'inElder/on. 

"  Biometrika." 

Vol.  XIII,  Parts  I,  II  and  III.  Pivrch-axe,! . 

Containing,  inter  alia  — 

"The       Fundamental       Problem       of       Practical 
Statistics  ",  by  Prof.  Karl  Pearson. 

"Notes  on  the  History  of  Correlation'',  by  Prof. 
Karl  Pearson. 

"  On  the  inheritance  of  the  finger-print  ",  by  Ethel 
M.  Klderton. 

"OntVie  Probable  Errors  of  Frequency-Constants." 

(Editorial). 
"An  experimental  determination  of  the  Probable 

Error      of      Dr.       Spearniiin's       Correlation 

Coefficients",  by  "Student." 
"  On  the  mathematical  expectation  of  the  moments 

of    frt(jueiicy    distributions.     Part    II",     by 

Prof.  A.  A.  Tchouproff. 

Bisset-Smith  (G.  T.). 

Tlie  Census  and  some  of  its  uses.     Svo.     1921.  PitrcImseJ . 

Blaschke  (Dr,  E.). 

Zur       Ausffleicliuug        von        zueifach        abgestuften  ■\  , 

Statistischen   Kciben.      Hcrlin.     1920.  /  l/'eAutfior. 

Bonferroni  (C.  E.). 

Probabilita  assolute,  relative,    di    precessione.     Rome. 


1921. 


? 


Dei  fenomeni  collcttivi  e  una  estensione  del  concetto  di  V 
Probabilita.     Rome.     1921.  v 


Brown  (Dr.  W.)  and  Dr.  G.  H.  Thomson. 

Tlie       Essentials     of      Mental      Measurement.       Svo.  t 
Cambridge.     1921.  j 

Brnns  (Dr.  H.). 


The  Avihor 


Bowley  (Dr.  A.  L). 

The  nature  and  purpose  of  the  measurement  of  Social  \ 
Phenomena.     6vo.     1915.  I 

Elements  of  Statistics.     4th  edit.     Svo.     1920.  -  Pin-chaseil. 

Official  Statistics.     What  thev  contain  and  how  to  use 
them.     Sm.  Svo.     1921.  " 


Pvrclutsed. 


W  abrscheinlichkeitsrechnung  uud  KoUcktivmasslehrc.  )  „       ,        , 

8vo.     Leipzig.     1906.  ) 
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Casualty  Actuarial  Society  of  America. 
Proceedings^  1920. 
Containing,  inte>-  alia — 

"  The  effect  of  the  War  upon  the  developiuent  of 

Social  Insurance  in  America",  by  B.  D.  Flynn. 
"  An  analysis  of   Health   Claims  by  disease  ",  hy 

R.  J.  M(!Manns. 
"  Xotes  on   Poisson's   exponential   and  Charlier's 

curves  ",  by  A.  H.  Mowbray. 
'"The  actuarial  problems  of  1920  Xatiouiil  revision 

of  \Vorknien's  Compensation  insurance  rates", 

by  A.  H.  Mowbray. 
'■  Disability  Benefits  in  Life  Insurance  Policies", 

by  J.  H.  Woodward. 
"  A    suggested    system    of  standard  notation   for 

actuarial    work   in  Workmen's  Compensation 

insurance",  by  8.  15,  Perkins. 
'•  Group  Health  Insurance  ",  by  J.  D.  Craig. 

Chartered  Insurance  Institute.  Joiirnal  of  the. 
Vol.  XXIII.     8vo.     1920. 
Contiiining,  inter  alia — 

"  Repudiation  of  Liability  as  it  affects  arbitration 
clauses   in   policies  of  assurance",  by  J.  B. 
Matthews. 
"State  Insurance",  by  Henry  Brown,  -LP. 

CoUis  (E.  L.)  and  Dr.  Major  Greenwood. 

The  Health  of  the  Industrial  worker.     Svo.     1921. 

Dale  (J.  B.). 

Five-figure  Tables  of  Mathematical  Functions.  2nd  "j 
edit.     Svo.     1905.  / 

Denmark. 

Beretninu  fra  Forsikringsi'aadet  for  aaret  1920. 

Dantscher  Verein  fiir  Versiclierungs-Wissenschaft. 
Zeitschrift,  1920-1921. 

Dougharty  (H.). 

Pension,  Endowment,  Life  Assurance  and  otlier  'y 
schemes  f(n'  employees  of  commercial  companies.  • 
8vo.    1920.  -  ■  ) 

Dublin  (Dr.  L.  I.). 

The  reduction  in  mortality  among  coloured  policy-  / 
holders.     :^ew  York.     1920.  ji 

Dublin  (Dr.  L.  I.)  and  J.  W.  Whitney. 
On  the  Costs  of  Tuberculosis.     1920. 

East  (E.  M.). 

Populatio;i.      Harvard,  N.J.  1920. 

Economic  Society  (Koyal). 
.Journalof  the,  1920-21. 


By  whom  presented 
{v:hen  not  jiv/rchased). 

The  Society. 


The  In.sUlufe. 


Purchased. 


G.  J.  Lidstone. 


Tlie  Danish 
G-ocernmenl . 


The  Sucie/i/. 
The  Aufhor. 
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Edgeworth  (Prof.  F.  Y.). 

On  the  application  of  Probabilities  lo  the  luoveiiient  of  y 

gas-iuolecules.     1920. 
The  Genesis  of  the  Law  of  Error.     1921.  y 

France. 

Societes  d'asuriiiices  sur  la  vie  et  Societies  de  "\ 
Capitalisation.  Kapport  sur  le  fonctionnenient  du  ( 
controle  pendant  les  annees  1914-1919.  8vo.  ( 
Paris.     1921.  ) 

Glieury  de  Bray  (M.  E.  J.). 

Exponentials  made  easy,  or  the  storv  of  "  Epsilon."  t 
Sni.  8vo.     1921.  "  ) 


B-y  who'iu  presented 
(_when  not  purclMsed). 


Glen  (N.). 

Actuarial  Science.     An  elementary  manual.     2ntl  edit.  ) 


8vo.     Glasgow.     1898. 


Gray  (Peter). 

Tables  for  tlie  formation  of  Logarithms  to  twenty-four  \ 
or  any  less  number  of  places.    2nd  edit.   8vo.    1900.^ 

Hay  (W.). 

Union  of  South  Africa  Census  figures  (1918)  from  an  ) 
insurance  point  of  view.     Cape  Town.     1920.  ^ 

Hofifman  (Dr.  F.  L.). 

National  Health  Insurance  and  the  Mediciil  Profession.  '^ 

8vo.     Newark,  N.J.     1920.  f 

National  Health  Insurance  and  the  Friendly  Societies.  \ 

8vo.     Cliicao-o.     1920.  >' 


The  Author. 


The  Frenoh 
Government. 


The  Fublishers. 


Purchased. 


Q.  J.  Lidaione. 


The  Author. 


The  Anihar. 


Holland. 

Nationale  Tjevensversekeriug-Bank.     Vershig  over  het  \     The  "■  Rationale" 
jaar  1918.  J  Covxpany. 

Vereeniging  voor  de   Verzekerings- VV^etenschap.     Het  1 
Verzckerings-archief.  / 

Hunter  (A.). 

Mortality  among  American  Annuitants  and  Premiums 
based  thereon.     New  York.     1920. 


The  SocU-ty. 


I 

Is  the  "  Average  "  the  same  as  the  '•'  Normal "  for  weight  ^ 
and  blood  pressure  ?     New  York.     1920.  ' 

Hunter  (A.)  and  Dr.  0.  H.  Eogers. 

Influence   of    Occupation    on    Mortality.     New    York.  1 
1920.  -  j 

Insolera  (F.). 

Lezioni  di  Statistica  Metodologica  dettate  nell'  Istituto   i 
Superiore  di  Conimercio  di  Torino.     8vo.     Torino.    ■ 


iper 
1921. 


Institut  des  Actuaires  Fraucais. 
Bulletin  of  the. 


The  Author. 


The  Authors. 


The  Author. 


The  Institute. 


Institute  of  Bankers. 

Journal  of  the,  1920-21. 


The  Insdlute. 
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Insurance  Institute  of  America, 

Proceciliii2:s  of  tlie  'reiitli  Conference.      191H. 

Insurance  Institute  of  New  South  Wales. 
'IVunsiU'tions,  1918.  1019,  1020. 

Imsnrance  Institute  of  Toronto. 
Proceedings,  1919—20. 
Containing,  inter  alia — 

"  Some  occupational  hazards",  by  .J.  M.  Laing. 
"The    signiticance    of    l)lood    pressure",    by    Dr. 
H.  R.  Anderson. 

International  Actuarial   Congresses. 

Bulletin  of  the  Permanent  Committee.     1920. 

i 

Italy. 

Atti  della  Meale  Commissione  per  le  Valutazioni  ed  i  ~j 
I'iparti  dei  Disavanzi  degli  Istituti  de  Previdenza  ' 
Ferroviari.  Lavori  dell'  Ufficio  Tecnicn.  3  vols.  C 
La.  8vo.     Koine.     1913-19.  } 

Giornale  di  Matematiea  Finanziaria  Rivisla  teehnica  ") 
del  Credito  e  della  Previdenza.     1920.  > 

Istituto  Xazionale  delle  Assicur.azioni.  Sitnazionc  n\'\ 
31  Dee.  1919.     Fol.     Kome.     1921.  / 

Joffe  (S.  A.). 

Mortality  Experience  (1876-1905)  of  Life  Insurance') 
Companies  in  Germany.      New  York.      1920.  Ji 

Jones  (D.  Caradog). 

A  first  course  in   Statistics.      8vo.      1921. 

Keynes  (J.  M.). 

A  Treatise  on  Probability.     Svo.     1921. 


l\!l  whom  presented 
(ifhrn.  notpHrchase<i), 


Legendre  (A,  M.). 

Elemens  de  Geouietrif 


10th  edit.     Svo.     Paris.     1813. 


London  Mathematical  Society. 
Proceedings,  1920-21. 

Macaulay  (T.  B.). 

Canadian  Life  Assurance.     1920. 

Maelaurin  (Colin). 

A  Treatise  of  Algebra.     2nd  edit.     Svo.     174(!. 

Minetola  (S.). 

Saggio  di  una  teoria  statistica   sulla    frequenza    delle 

malattie.     Rome.     1920. 
Di  alcnni   di  statistica  che  conducono  ad  estendere   il 

concetto  di  Probabilita.      Rome.      1920. 
A  proposito   di   nn  mio   recente   studio  snl  concetto  de 

Probabilita.     Rome.      1P21. 

Nippon  Life  Assiirance  Co. 
Annual  Report,  1919. 


77ifl  Tnnfitvte. 
The  Innlitufe. 
The  Tnnfilute. 


The  Permaneiif 
Commiffee. 


Comm.  luff. 
Gvido  Toja. 

F.  InsoJera. 

Comm.  Inff. 
G-uido  Toja. 


The  Author. 
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Norway. 

Foi'sil:riiigsselsk:iper,  1918.     Svo.     Cliristiaiiiii.     1920. 
Ot.  lued.  nr.  1.      (1921).     Om  utferdiirelse  av  en  lov 

om  alderstrvgd.     Soeiiildtpnrteuiciitets  instilling, 

1921.     4to."   Christiania.     1921. 
Utkast  til  lov  om  nforhets  og  alderstryprd  med  niotiver. 

Instilling  fra  den  av   Departementet  for  J<ociale 

Sakei"    i    1919    nedsatte   '•' Folkepensjonskoiuite." 

4to.     Clivistiania.     19:i\. 


By  uhom  presented 
{vhen  not  pnrcliaseil). 


The  Korivetjian 
O'ove^mmetit. 


Parliamentary  Papers. 
Acts  of  I'arliameiit. 

Finance,  1920.  -^ 

Industrial  A.ssurancc  Bill,  1921. 

Unemployment,  1920.  j 

Assurance  Companie?. 

Returns  to'  tlie  Board  of  Trade.     1920. 

Valuation  Ecturns,  1916,  1917,  1918. 
Censuses.  ^ 

1921.     En^^land  and  Wales.     Preliminary  lv('])ort,  f 
includintr    'J'ables    of    tlus    Population.     Fol.  I 

1921.  ; 

Chief  IJegistrar  of  Friendly  Societies. 

Report  on  Building'  Societies,  1918. 
Colonial  Acts  and  Bills. 

New  South  Wales  Superannuation,  1916,  1919.        F 
Colonies. 

Canada.  f 

Report  of  the  Superintendent  of  Insurance  for  < 

the  year  1919.  C. 

Insurance  Companies.  Abstract  of  Statements  "J 

for  tlie  vear  ended  31  Dec.  1920.     Svo.  f 

1921.      '  ) 

New  South  Wales.  ,^ 

Friendly  Societie.s,  A:c.  Report  of  the  Refristrar 

for  1920. 
Official  Year  Book,  1920. 
Report  on  the  Influenza   Epidemic  in  1919. 

Fol.     1920. 
Report   of   the    Government    Statistician    on 

Vital  Statistics,  1920. 
Report  by  the  Government  Statistician  on  the 
Vital    Statistics     of     the     Metropolitan 
combined  sanitary  districts,  1920. 
State   Superannuation   I5oard''s   First  Annual 

Eeport,  1920. 
Statistical  Register  for  1919-20  and  previous 
years. 

New  Zealand. 

Friendly    Societies    Annual     Report    of    the 

Registrar,  1919. 
Government  Insurance  Dejiartnient.     Annual 

Report,  1919. 
Official  Year  Book,  1920. 
Report  on  the  Results  of  the  Census  of  1916. 

Fol.     1920. 
Statistics  of    the    Dominion     for    the    year 

1919.  J 
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The  Registrur- 
General. 
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rof.  E.  31.  Moors. 

The 

Super  ill  tendeti  t 

of  Insurance. 

The  Canadian 
G  overnmevf . 


The  Government 
of  N.S.  W. 


The  Government 
of  N.Z. 
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oil 


Parliamentary  Papers—  contiimeiJ. 
Golomes— CO  lit  in  tied. 
Victoria. 

Frit- uiUy    Societies.      Forty  -  second     Annual  "^ 

Keport  of  tlie  (lovernnient  Statist,  1919.  ( 

Thirtieth    Annual    Report  of  the    Registrar,  C 

1919.  J 

Western  Australia. 

Friendly    Societies.     Report   of    Proceedings  '^ 

by    the    Registrar   for    the    vear    CTided  ( 

30  June   1920.  "  C 

Statistical  Register.  1919-20.  J 

India. 

Life  Assurance  Companies.  Returns  of  Companies  ") 
doing  business  in  British  India.  Fol.  > 
Simla.     1920.  ) 

Ministry  of  Health. 

Annual  Reports  of  tlie  Chief  Medical  Officer,  1919, 

1920.     8vo.     1820-21. 
National      Healtli      Insurance.        Administration 

Rej.ort,  Scothmd,  1917-19.     8vo.     1920. 
Reports  of  the  Medical  Research  Board,  1920-21. 
Old    Age    Pensions.      Report    of    the    Departmental ) 
Committee.     Fol.     1919.  j 

Registrar-General.     England. 

Eighty-second   Annual  Repoit  of    Births,  Deaths 

and  Marriages,  1919. 
Supplement  to  the  Seventy-fifth  Annual  Report  of  j 
Births,    Deaths    and    Marriages.      Part    II —  I 
Abridged  Life  'I'ablcs.     Fol.     1920.  j 

Scotland. 

Si.Kty-second  Annual  Repoit  of  Births,  De;iths  ) 
and  Marriages,  1919.  / 

Superannuation. 

Report  of  the  Departmental  Committee  on  the  ~\ 
superannuation  of  persons  employed  by  Local  ( 
Authorities    in     England    and     \Vales.     Fol.  C 

1919.  ; 

Pearson  (Prof.  Karl). 

Oil  the  (Jonstruction  of  Tables  and  on   Interpolation.') 
Part  I — Univariate  Tables.     Part    11 — Bi-variate  ,- 


iiji  whom  presented 
(ivlien  not  pvrcha.iftl). 


Tables.     Svo.     1920. 

Periodicals. 

American  Economic  Review. 

Bankers'  Magazine. 

Economist. 

Insurance  Record. 

Journal  of  Political  Economy. 

Post  Magazine. 

Post  Magazine  Almanack. 

The  Secretary. 

Porter  (J.  B.). 

Tlie  Laws  of  Insurance: 
(Juarantt'e.  6th  edi 
1921. 


(Chicago). 


> :    Fire,   Life,   Accident   and  ) 
it.,   by   Gilbert    Stone.     Svo.  [ 


The  Government 
of  Victoria. 


The  Government 
of  W.A. 


H.G.W.Meikle. 


Fiircliased. 


r  urchased . 


The  Resist  far- 
General. 


Purchased . 


Parcha.ied. 


The  Author, 


The  Editor. 
Purchased. 
Purchased. 

The  Editor. 


Institute  oj 
Secretaries. 


Purchased. 
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The  hisd/ule  of  Actuaries. 


[Oct. 


By  n-hom  presented 
(when  not  piirchnsed). 


Eichardt  (T.). 

On  a  formula  for  the  transformation  of  Mortality  Tables  "\ 
Christiania.     1920.  / 


The  Av.thor. 


Eobins  (F.). 

Factorials  and  allied  products  with  their  logarithms.^  W.Valin Elder/on 
La.  4to.     1917.  j       ' 

Eollason  (J.  G.  W.) 

Problems  and  possibilities  of  au  insurance  career.    1920. 

Rowntree  (B.  Seeholim)  and  F.  D.  Stuart. 

The  responsibility  of  women-workers  for  dejiendants.  ") 
8vo.     Oxford.     1921.  ) 

Royal  Astronomical  Society. 
Memoirs  of   the. 


The  Author. 


Purchased. 


Jlie  Sociefij. 


Rnsher  (E.  A.). 

Sickness   records    of    Steel-workers.     (Report    to    the 
Industrial  Fatigue  Board.)     Svo.     1920. 

Salmon  (Dr.  George). 

A  treatise  on  Conic  .Sections.     6th  edit.     Svo.     1879. 

Sanielevici  (M.). 

Notes   sur  une   Table  de   Mortalite  de   la  Population  i 
Generale  de  la  Roumaiiie.     Bucharest.     1921.         \ 

Scientific   and    Learned   Societies    of    Great    Britain    and 
Ireland. 

Year  Book,  1920. 

Secrist  (H.). 

Readings  and  Problems  in  Statistical  ^letliods.     Svo.  "; 
New  York.     1920.  ) 

Sheppard  (Dr.  W.  F.). 

Retiuction  of  Error  bv  linear  compcjundinir-      La.  k".  "( 
1920.  "  '  / 

Smith  (Charles). 

An  Elementary  Treatise  on  Conic  Sections.     Itli  edit.  ) 
Svo.     1885.  J 

Stamp  (Sir  Josiah),  K.B.E. 

The  Fundamental  Principles  of  taxation  in  the  liirht  of') 
modern  developments.     Svo.     1921.  j 

Statistical  Society  (Royal). 
Journal  of  the,  1920-21. 

Sweden, 

Enskilda    Forsakringsanstalter    ar     19l!»,    av     Kun^l.  / 
Forsakringsinspektionen.  j 

Switzerland. 

Rapport   du    Bureau    Federal   des   Assurances  sur  les  ^ 
Entreprises    privees  en    matiere  d'Assurances   en   ■ 


uprises    \>r\\ 
Suisse.     1918. 


) 


The  Author. 


G .  ./.  Lid  stone. 


The  Anthor. 


Purchased. 


Purc/ioJsed . 


The  Author. 


G.  ./.  Lids f one. 


Purcltased. 


The  Society. 


The  Swedish 
Gorerntnent. 


The  Swiss 
Government. 
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By  who'in.  present/;/! 
{when  not  pvrchfy^ed). 
Thomas  (E.  C.)- 

Life  Office  Bonuses.     Cape  Town.      1920.  The  Author. 

United  States  of  America. 
Official  rulilications. 

>«ineteenth  Annual  lleport  of  the  Bureau  of  the 

Census  on  Mortality  Statistics,  1918.  The  V.S. 

Fourth  Annual  Report  on  Birtli  Sttitistics  for  the  Gorertim'iir. 

Birth  Registration  area  of  the  United  States, 
1918. 
Connecticut.  1 

Fifty-sixth   Annual  Report  of  tlic   Insurance  .-  The  Covniiixsiooer. 
Commissioner,  1920.  J 

Massachusetts. 

Sixty-fifth   Annual  Report  of  the  Insurance^ 

Commissioner  (Life  and  Miscellaneous),  V  TheComuiixsiotier. 
1910.  J 

Xe\v  York. 

Reports  of  the  Superintendent  of  Insurance,  ')  The 

1915—1920.  1       Superintendent. 

Teachers  Retirement  System  of  the  City  of  Xew ") 

York.     First,  second  and  third  annual  Reports.  >  G.  B.  Jivcl-. 

1917-1919.  ) 

Williamson  (B  ). 

An   Elementary  Treatise  (in  tlie  Differential  Calculus. 


oth  edit.     Svo.     1884.  / 

?  on  the  Integral  Calculus,      kh 
edit.     8vo.     1884. 


An  Elementary  Treatise  on  the  Integral  Calculus.     4th  C 


G.  J.  Lldsilune. 


The  following  additional  copies  of  works  already  in  tlie 
Library,  presented  from  the  Library  of  the  late  H.  Archer 
Thomson,  F.I.  A.,  by  G.  J.  Lidstone.  (See  also  the  preceding 
list  for  volnmes  from  the  same  sonrce)  : 

British  Offices'  Life  Tables,  1893. 

Tallies  deduced  from  the  (iraduated  Experience  of  Wliole  Life  Participnt inj^' 

Assurances  on  Male  Lives.     Ag-grecratc  Tables.     8vo.     1902. 
Whole  Life  Participating  and  Xon-Participatiuir  Assurances  on  Male  Lives. 

Select  Tables.     8vo.     1907. 
Valuation  Tables.     Whole  Life  Participating  Assurances  on  Male  Lives  i'C>-*''. 

Svo.     10O7. 
Values  of  Temporarv  Annuities  at  24   per-cent    interest    according:  to  the 

O^t  and  0^'  ■■'    Mortality  Tables.     Svo.     1907. 

Btim  (Sir  Joseph),  K.B.E. 

Stock  Exchange  Investments  in  Theory  and  Practice.     Svo.     1909. 

Callet  (Francois). 

Tables  Portatives  de  Logaritlimes.     Svo.     Paris.     179-"). 

Chambers'  Mathematical  Tables. 
2nd.  edit.     X.I). 

Crelle  (Dr.  A.  L.). 

Tallies  dc  Calcul  ou  se  trouvent  les  Multiplications  et  Divisions  toute  faites 
de  tons  les  nombres  an  dessous  de  mille.     Fol.     Berlin.     1880. 
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Elderton  (W.  Palin). 

Frcqiit'iu'v-Curves  aiul  Correlation.     8vo.     1906. 
Hardy  (Sir  G.  F.),  K.C.B. 

The  Theory   of    the  Construction   of   Tables  of    Mortality  ami   of   .siiuila;- 
statistical  tables  in  use  by  the  Actuary.     8\'o.     1909. 

Hardy  (R.  P.). 

Valuation  'I'ables  based  vipon  the  Institute  of  Actuaries  Mortality  Kxjierionct- 
(H"*i)  Table.     8vo.     1873. 

Cakes  (Lt.-Col.  W.  H.). 

Tables  of  Compound  Interest.     8vo.     X.I). 
Table  of  Reciprocals.     8vo.     1864. 

Rothery  (H.  J.)  and  Sir  Gerald  H.  Ryan,  Bart. 

Preinimn  Converiion  Tables.     8vo.     1893. 
Simpson  (T.). 

The  Nature  and  Laws  of  Chance.     8vo.     1792. 
Whitworth  ("W.  A.). 

Choice  and  Chance.     -Ith  edit.     8vo.     1886. 


®bituarv\ 

James  Miles  Laxcstafp,  Fellow  of  the  Institute,  Major,  Canadian 
Expeditionary  Force. 

Killed  in   Action,  1  March  1917. 

Erxest  ]\Iilton  Martin,  Probationer  of  the  Institute,  Lieutenant, 
24th  Battalion,  2nd  Division,  Australian  Imperial  Force. 
Killed  in  Action,  31  March  1918. 

Joseph    Jefferson    Twentyman,    D.C.M.,    Probationer    of    the 
Institute,  2nd  Lieutenant,  Highland  Light  Infantry. 
Died  on  Service,  11  Fehnmry  1919. 


ERRATA. 

Vol.  xlviii,  ]).  12G,  Otli  line  from  bottom: 

for  "Keversionaiy  Bonuses"  read  "Sums  Assured.'^ 

,,     lii;,  p.   103,   Equation  (1)  :    ^  should  be  ^. 

„  „  „        line  13:         1  12      „       „     1/12. 

„  „  p.  105,  4tb  line  of  §  7  :  for  e-^'^^H  ^.^^^  g],i2.  _ 

„  „  „       6tb      „        '„        „    1600      „     1200. 

,,  „  „      12tli      „        „       „    A.S.E,  „     R.S.E. 

„  „  „        3rd  line  from  bottom : 

for  log- 10- 100  !  read  log,olOOf 

„  „  p.  lOG,  9tli  line  :   for  er^'^-^'  read  e^!^'' . 
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Jlisrcprcsentation  b\-       ...  ...         ...         ...         ...  ...         ...       1(55 

COURTS  (EMERGENCY  POWERS)  A(.'T.— 

Lapse  of  Policy     ...         ...         ...         ...         ...  ...         ...  ...         97 

INCOME  TAX.— 

Commuted  premiums  and  income  tax  allowance        ...  ...  ...         02 

On  Preference  Shares  in  Company  subject  to  BritLsli  and  Colonial 

tax      M."),  oil 

Lial)ilitv  of  trustee  for  foreign  beneficiary       ...  ...  ...  ...       505 

Discounts  on  Treasury  Bills        ...         ...         ...  ...  ...  ...       491 

LIQUIDATION.— 

Of  Assui'anco  Company.     Loan  on  Policy       ...  ...  ...  ...       4!tl> 

MEMORANDUM  OF  ASSOCIATION.— 

-Vlteratibn  of  objects  clause        ...         ...         ...         ...  ...         ...       168 

MORTGAGE.— 

Kno^\ledso  of  by  trustee  as  affecting  priority...  ...  ...  ...        IfiR 

PETITION.— 

For  Avinding  up.     Right  of  assignee  to  present  ...         ...  ...       508 

POLICY.— 

Deferred  Assurance.     Ownei-ship  at  majority  of  a.ssured      ...         ...  162 

Lapse  of,  imder  Courts  (Emergene\- Powers)  Act       ...          ...          ...  97 

Loan  on,  in  case  of  liquidation  ...         ...         ...         ...         ...          ...  499 

Succession  duty  under  Settlement  Dut\-  Act  when  premiums  are 

paid  by  third  i^arty              ...         ...         ...         ...         ...         ...  49i> 

PREFERENCE  SHARES.— 

In  Company  subject  to  British  and  Colonial  tax,  income  tax  on         95,  oil 

PREMIU3IS.— 

Commuted,  and  income  tax  allowance...  ...  ...  ...  ...  92 

Due  date  for  payment  of            ...         ...  ...  ...  ...  ...  94 

Paj  meut  of,  on  policj-  under  settlement  ...  ...  ....  ...  495 

PRESCRIPTION  OF  DEATH.— 

In  cases  of  contract  and  succession       ...  ...         ...         ...  91,  50S 

SETl'LEMENT  DUTY  ACT.— 

Succession  duty  on  settled  policy  mIicu  premiums  are  j)aid  by  third 

party  ...         ...  ...         ...         ...         ...  ..         ...  ...       495 

TREASURY  BILLS.— 

Income  tax  on  discounts  ...         ...         ...         ...  ...  ...       491 

TRUSTEE.— 

Knowledge  of  as  affecting  priority  of  mortgage  ...  ...         ...       168 

WINDING  UP.— 

Right  of  assignee  to  ])resent  petition    ...         ...         ...  ...         ...       508 
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(For  facility  nl'  reference  the  cases  are  given  under  tlie  luuiie  of  each  party.) 

PAGE 

ATTORNEY-GENERAL  r.  Public  Trustee  495 

ARTHY,  Ipswich  Permanent  Monc J' Club,  Ltd..  r 1R8 

BARKER  r.  Phillips  and  others       97 

BROWN,  National  Provident  Institution  V.  ... 4!>l 

BRYNE  v.  Rudd  and  others  16.5 

CARMICHAEL's  Executrix  v.  Car michael I(i2 

CITY  Life  Assurance  Company,  McKenna  r.  ...  ...  ...         ...         94 

CLUTTON,  Paddy  r ...  499 

GREIG  V.  Trustees  of  the  Widows'  Fund,  &c.,  of  Ivlinljurgh      ...  91,  503^ 

HEARTS  of  Oak  &  General  Assurance  Company,  Ltd..  7«  /T     168 

IPSWICH  Permanent  ^Money  Club,  Ltd.  v.  Arthy 1  fiS 

McKENNA  V.  City  Life  Assurance  Company  94 

NATIONAL  Provident  Institution  V.  Brown  491 

NEW  Zealand  &  Australian  Land  Companj^  v.  Scottish  Union  &  Nalidnal 

Insurance  Company         ...         ...         ...  ...  ...  ...  '.\~).  .ill 

O'BRIEN,  Turton  r 92 

OGSTON,  Provident  Mutual  Life  Assurance  Association  v.         ...         ...  491 

PADDY  r.  Clutton      499 

PHILLIPS  and  others.  Barker  r 97 

POOL  V.  Ro\'al  Exchange  Assurance            ...          ...          ...          ...          ...  50.'> 

PROVIDENT  Mutual  Life  Assurance  A.ssociation  r.  Ogston       491 

PUBLIC  Trustee,  Attorney-General  r 495 

ROYAL  Exchange  Assurance,  Pool  r.          ...         ...         ...         ...         ...  505 

RUDD  and  others,  Brjne  V.  ...         ...         ...         ...          ...          ...          ...  165 

SCOTTISH  Union  &  National  Insurance  Company  v.  New  Zealand  .c 

Australian  Land  Company         ...         ...         ...         ...         ...  '.t5.  511 

STEEL  Wing  Company,  Ltd., /n  re 508 

TRUSTEES  of  the  Widows'  Fund,  &c.,  of  Edinburgh,  Greig  i:  ...91.  .503 

TURTON  u.  O'Brien 92 
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AcTUAKLVL  Notes  : 

On     obtaining     values     of     Life 
Annuities  at  isolated  rates  of 
interest.     E.  H.  Lever,  17L 
Admission  of  Women  to  the  Listitute, 

111. 
Allin    (S.    J.    H.    W.).     Remarks    on 
Reversionary  (or  Prospective)  and 
Collective      methods     of      valuing 
Widows'  Funds,  31. 
Anderson     (R.     D.).     Remarks     on 

Approximate  Valuation,  59. 
Annuities.     On   obtaining    values    of, 
at  isolated  rates  of  interest.     E.  H. 
Lever,  171. 

Joint    Life.         Approximate 

calculation    of    values    of.     G.    J. 
Lidstone,  514. 

Approved  Societies.     Interim  Report 

on  the  Valuation  of,  384. 
'■  .Assessment    of    Phjsical    Fitness." 

Review,  183. 
Austin       (H.       H.).      Remarks      on 

Actuarial     Aspects     of     Industrial 

Assurance,  156. 

Remarks  on  Modem  develop- 
ments in  the  methods  of  Industrial 
Assurance  Valuations,  482. 

B. 

Bacon  (J.).  Remarks  on  Post-War 
problems  in  connection  with  Super- 
annuation Funds,  446. 

Balducci  (G.).  Letter  on  the  dis- 
tinction bet^\■een  "  rates "  and 
"  probabilities "  referi'cd  to  by 
A.  T.  Traversi,  184. 

Bards  well  (Dr.  X.  D.)  and  J.  H.  R. 
Thompson.  '"  Pulmonary  Tuber- 
culosis :  MortaUtj'  after  sanatorium 
treatment."     Review,  106. 

Bateman  (R.  A.).     Legal  Notes,  491. 

Besant  (A.  D.).  Remarks  on  the 
Reversionary  (or  Prospective)  and. 
Collective  methods  of  valuing 
Widows'  Funds,  29. 

Remarks  on  Actuarial  Aspects 

of  Industrial  Assurance,  147. 


Blaschke  (Dr.  E.).  '=  Zur  Ausglei- 
chung  von  zweifach  abgestuften 
statistischen  Reihen."  Review,  389. 

Bowley  (Dr.  A.  L.).  "  Elements  of 
Statistics  "  (Fourth  «  Edition). 
Review,  389. 

Brown  (E.  H.).  Remarks  on"  Census 
Tabulation,  377. 

Burn  (Sir  J.),  K.B.E."^  Remarks  on 
Actuarial  Aspects  ^  of  Industrial 
Assurance,  141. 

Remarlvs  on  a  short  method  of 

constructing  Select  Mortality 
Tables,  339. 

Remarks  on  modem  develop- 
ments in  the  methods  of  Industrial 
Assurance  Valuations,  481. 


Census  of  1921.  Some  remarks  on 
tabulation.     F.  A.  A.  Menzler,  341. 

Church  of  Ireland  Widows'  and 
Orphans'  Fund.  Valuation  of. 
Dr.  C.  E.  HoweU,  1.     • 

Civil  Service  Pensioners'  Mortality 
Experience,  1904-1914.  An  account 
of.     G.  S.  W.  Epps,  405. 

Qare  (A.  V.).     Obituary,  116. 

Clinton  (L.  E.).  Remarks  on  Post- 
war problems  in  connection  with 
Superannuation  Funds,  450. 

Correspondence  : 

The  yield  on  a  redeemable  bond 
when  income  tax  is  taken  into 
account.     0.  F.  Diver,  109. 

A.  T.  Traversi's  letter  on  the 
relation  between  rates  of 
mortahty,  etc.  G.  Balducci, 
184. 

A  new  method  of  valuing  policies 
in  groups.  H.  L.  Trachtenbcrg, 
402. 

Approximate  calculation  of 
Joint-Life  Annuity- Values. 
G.  J.  Lidstone,  514. 
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D. 

Diver  (0.  F.)-  Letter  on  the  yield  of 
a  redeemable  bond  when  income 
tax  is  taken  into  accomit,  109. 

Doughartv  (H.).  "  Pension  Endow- 
ment, Life  Assurance,  and  other 
schemes  for  employees  of  commercial 
companies."     Review,  392. 

Dreyer  (Dr.  G.)  and  G.  F.  Hanson. 
■■  The  Assessment  of  Physical  Fit- 
ness."    Re^■^e^v.  183. 


E. 

Elderton  (Etliel  M.).  Syllabus  of 
Lectures  on  Statistics.  116. 

Elderton  (W.  P.).  Remarl<5  on 
Approximate  ^'aluation,  61. 

Remarks  on  a  short  method 

(jf  construct  ins;  Select  Mortalitv 
'i'ables.  338. 

RemarlK  on  Census  Tabula- 
tion, 382. 

Reviews :       "  Elements      of 


Statistics,"  389. 
"  Lezioni       di 


Statistica 
Metodologica,"  389. 

'■  Zur       Ausgleichung       von 

•/.weifach    abgestufteu    statistischen 
iteihen,"  389. 

^"  Elements  of  Statistics  "  (Fourth 
Edition).     Review,  389. 

Endowment  Assurance  Net  Premiums. 
A  group-check  fur,  by  means  of 
mean  ages  based  on  the  Z  method. 
G.  J.  Lidstone,  488. 

Epps  (G.  S.  W.).  Superannuation 
Funds.  Notes  on  some  Post-AVar 
problems,  together  \\  itli  an  account 
of  a  i:)cnsioners'  mortality  experience 
(Civil  Service  Pensioners,  1904- 
1914),  405. 

Errata,  31  i. 

F. 

Eraser  (D.  C.).  Newton's  Inter- 
polation Formulas.  Further  notes, 
117. 

RemarlvS  on  Post-War  prob- 
lems in  connection  \\ith  Super- 
annuation Fluids,  44.J. 


G. 

Graduation.     (J.   King's  method  and 

its  relation  to  the  graphic  method. 

G.  Udny  Yule,  135. 
■'  Graduation      Formulae."      Re\-iew, 

398. 
•Gunningham    (S.    J.).     Remarks    on 

Census  Tabulation.  376. 


H. 

Hanson  (G.  F.)  and  Dr.  G.  Drever. 
See  Dreyer  (Dr.  G.)  and  G."  I . 
Hanson. 

Henry  (A).  Some  further  suggeations 
on  the  subject  of  Approximate 
Valuation,  48,  66. 

—  Remarks  on  a  short  method 

of  constructina;  iSelect  Mortalitv 
Tables,  337. 

RemarlvS  on  modern  develop- 
ments in  the  methods  of  Indastrial 
Assurance  Valuations,  480. 

Holness  (A.  .S.).  Remarks  on  Post- 
war problems  in  connection  with. 
Sujierannuation  Fimds,  448. 

HoweU  (Dr.  C.  E.).  The  Reversionary 
(or  Prospective)  and  Collective 
methods  of  valuing  Widows'  Funds. 
A\ith  some  notes  on  the  valuation 
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Price  2I5.  net. 
Whole-Life  Assm'ances — Males.     Price  42s.  net. 
Whole-Life  Assurances — Females.     Price  21s.  net. 
GRADUATED  EXPERIENCE: 

British  Offices  Life  Tables  (1893) :  Mortality  and  Monetary  Tables^ 
Aggregate  Data — Whole-Life  Participating  Assm'ances  on  Male 

Lives.     Price  42s.  net. 
Select   Data — -Whole-Life    Participating   and   Non-Participating 
Assurances  on  Male  Lives.     Price  42s.  net. 
British  Offices  Life  Annuity  Tables  (1893) :  Mortality  and  Monetary 
Tables- 
Select     Data — Life     Annuitants,     Male     and     Female.     Price 
31s.  Qd.  net. 
ACCOUNT  OF  THE  PRINCIPLES  AND  METHODS  adopted  in  the 
Compilation  of  the  Data,  the  Graduation  of  the  Experience,  and 
the  Construction  of  Deduced  Tables.    Price  15s.  net. 
SYNOPSIS  OF  BRITISH  OFFICES  LIFE  TABLES:   0^>  and    O^H); 
Ot^'J  and  Oi"'^^'];    0^'  J  and  0'  'J  ;   and  of  Tables,  Computed  by 
Messrs.  Austin  &  Symmons,  on  Two  Joint  Lives  of  Equal  Age. 
Price  Is.  6d. 

Also,    published    by    the    Institute    of    Actuaries  : 

VALUATION     TABLES:      AGGREGATE      DATA:      WHOLE-LIFE 
PARTICIPATING  ASSURANCES     MALE  LIVES     (0^'  TABLE). 

With  which  is  inr-luded,  as  a  separate  issue  in  ijai)er  covers,  Tables  of 
the  values  of  Temporary  Annuities,  at  2|  i)er  cent.,  according  to  tlie 
O^'  and  0'"^'  Tables.     Price  44s.  net. 

Copies  of  the  above  Works  may  be  had,  by  Members  of  the   Institute,  at  reduced  price  on  application    to    the 
Assistant  Secretary,  Staple  Inn,  W.C.  1.      (See  following  pages.) 
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PUBLICATIONS    OF   THE    INSTITUTE    OF    ACTUARIES. 

Any  Member  of  the  Institute  of  Actuaries  may  obtain  cue  Copy  of  each  of  the 
Publications  of  the  Institute,  for  his  own  use,  on  application  to  the  Assistant 
Secretary,  at  the  following  reduced  prices,  Postage  extra,  as  noted : — 

Reduced  Postage. 

Friendly    Societies   (Messengeu    Pujze 

Essay),  by  Sik  (t.  F.  Hardy,  K.C.B. 

{Paper  Com;  1888)      

Finlaison's  Government  Annuity  Tables 

(1895) 

Sprague's  Select  Life  Tables  (1896)  ... 
Lectures  on  the  Law  of  Real  Property, 

BY  G.  Wood  Hill  {Paper  Cover,  1898)  0  1  0  ^d.  -Id. 
Lectures  on  the  Daily  Stock  and  Share 

List,  by  George  Clare  {Paper  Cover, 

1898) 0     1     0       -Id.  -Id. 

The    Two    above-named     Courses     of 

Lecturesin  One  Volume  ((7/o//(,  1898)  0  2  0  \d.  bd. 
A  Short  Collection  of  Actuarial  Tables 

(1912),  with  Supplementary  Tables 

(1920) 0     -t     G       2d.  2d. 

Lectures  on   the   Companies   Acts,  by 

A.  C.    Clauson    {Paper  Cover,    1899)     0     1     0       2d.  2d. 

The  Transactions  of  the  Second  Inter- 
national     Actuarial       Congress, 

London,  1898  (1899) 10     0       9(/.    [.•<.  6d. 

Lectures   on    the    Law    of  Mortgage, 

BY  ^y.  G.  Hayter  {Paper  Cover,  1901) 
Text-Book.     Part  L     (New  Edition) 
Text-Book.    Part  II.  (Second  Edition,  1902) 
Lectures    on     the    Measurement     of 

Groups  and  Series,  by  A.  L.  Boa\t:.ey 

{Paper  Cover,  1903)     0     2     6       2^/.  2d. 

Mortality  Experience  of  the  Imperial 

FORCES  during  THE  WaR  IN  S.  AFRICA, 

1899-1902,    BY    F.    Schooling    and 

E.  A.  Rusher  (Pa^er  Com-,  1903)    ...     0     1     6       2d.  2d. 

Frequency -Curves     and     Correlation 

(with    Addendum),    by    W.     Palin 

Elderton  (1906)        0     6     0       id.  U. 

Further  Notes  on  Some  Legal  Aspects 

OF    Life    Assurance   Practice,    by 

A.  R.  Barrand  {Paper    Cover,    1907)     0     1     6       2d.  2d. 

Lectures  on  the  Theory  of  the  Con- 
struction OF  Tables  of  Mortality, 

etc.,  by  Sir  G.F.Hardy,  K.C.B.  (1909)  0  5  0  U.  id. 
Stock  Exchange  Investments  in  Theory 

andPractice.  a  Course  ofLectures, 

bySirJosephBurn,  K.B.E.  (1909)...  0  8  6  iid.  {]d. 
Friendly  Society  Finance  considered 

IN  ITS  Actuarial  aspect,  by  Sir  Alfred 

William  Watson  (1912)      0     4     0       id.        id. 

Index    to    the    Transactions    of    the 

Seven     International     Actuarial 

Congresses,  1895-1912  (1913)  •••     0     0     G       2d.         2d. 

Newton"s   Interpolation   Formulas,   by 

D.  C.  Eraser,  M. A.  (1919) 0     1     0      2d.        -id. 
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Publications  of  the  Institute  of  Actuaries,  issued  at  reduced  prices 

to  Members — (continued  >, 

Reduced 


Price. 


QlESTlONS      .SET      AT     THP]      EXAMINATIONS 

held  in  1913  to  1915,  1919  and  1920... 

Back  Xumbers  of  the  "Journal,"' 
(See  List  appended.)  ... 

Index   to  "Journal"  (vols,  i  to  xl)  ... 

^Combined  Experience  of  Life  Annui- 
tants, 1863-1893.  (Unadjusted 
Data)  (1899) 

Combined  Experience  of  Assured  Lives, 
1863-1893.  (Unadjusted  Data)— 
*Endowment  Assurances  and  Minor 
Classes  of  Assurance  (1900) 

*  Whole-Life      Assurances — Female 

Lives  (1900)  

*  Whole-Life  Assurances — Male  Lives 

(1900) 

*BRrnsH  Offices  Life  Annuity  Tables, 
1893.  Graduated  Experience: 
Mortality  and  Monetary  Tables — 
Select  Data— 0^^""^  and  0^"-^^   (1903) 

Hritisii  Offices  Life  Tables,  1893.    Grad- 
uated   Experience  :     Mortality 
AND  Monetary  Tables — 
*Aggregate  Data:   Whole-Life  Par- 
ticipating      Assurances — Males — 

0^^  AND  O^^^'^^  (1902) ■     ... 

^Select  Data  :  Whole-Life  Partici- 
pating AND  Non-Participating  Assur- 
ances—Males— 0™  and  O^""''^  (1907) 
Aggregate  Data:  Valuation  Tables. 
Whole-Life  Participating  Assur- 
ances—Males— 0^^  (With  which  is 
included,  as  a  separate  issue  in  papet- 
covers,  Tables  of  0^^  and  0^^^'^  Tempor- 
ary Annuities,    at    2f  per-cent.)  (1907) 

*  Account  of  the  Principles  and  Methods 
adopted  in  the  Compilation  of  the 
Data,  the  Graduation  of  the  Exper- 
ience, AND  THE  Construction  of 
Deduced  Tables  (1903)        

'Synopsis  of  British  Offices  Life  Tables : 
0'^  and  0'^^'^^ ;  Qf^^J  AND  O'^-^^J ;  O'-^-''^ 

AND  0^"-^^  ;   AND  OF  TABLES,  COMPUTED 

BY^  Messrs.  Austin  and  Sy'mmons,  on 
Two  Joint  Lives  of  equal  age  (1908) 
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*  Published  jointly  by  the  Institute,  and  the  Faculty  of  Actuaries  in  Scotland. 


In  order  to  prevent  unauthorized  persons  availing  themselves  of  this  privilege, 
Members  are  requested  to  give  a  wiitten  order  to  the  Assistant  Secretary  when 
sending  for  their  Copies,  and  Members  who  apply  ]Dersonally  are  asked  to  state 
tiieir  requirements  on  a  form  which  will  be  handed  to  them  for  the  purpose. 


INSURANCE  WORKS  OF  THE  SPECTATOR  COMPANY,  NEW  YORK. 

A   SELECllOH  OF   THE  MORE  IMPORTANT  INSURANCE  PUBLICATIONS. 
C.  &  E.  LAYTON,  Sole  Agents. 


NOTE. — Prices     subject    to    fluctuations    of    exchange. 


LIFE. 

A  B  C  OF  LIFE  INSURANCE. — Sixth  Edition,  1921.  A  plain,  non-mathematical  treatise 
explaining  life  insurance.     A  few  hours'  lesson  in  the  principles  of  insurance.     Price  7/6. 

ACCOUNTANCY  OF  INVESTMENT,  THE.— By  the  late  Charles  E.  SpRAtiLii.  Revised. 
'I'hird  Edition.  A  thorough  and  excellent  work,  treating  in  detail,  of  inierest,  annuities,  bond 
valuations  at  varying  rates,  amortization,  logarithms  in  interest  calculations,  and  tables  of 
compound  interest,  present  worth,  annuities,  sinking  funds,  twelve-place  logarithms,  etc. 
Price  25  -. 

ART  OF  CANVASSING,  THE.— HOW  TO  SELL  LIFE  INSURANCE.— By  Wii.i.iam 
IMiLLER.     Eighth  Edition,  brought  up  to  date.     Price  10/-. 

ART  OF  SELLING,  THE. — By  John  S.  Tunmork.  A  practical  handbook  for  the  use  of 
insurance  and  other  salesmen.     Price  7/6. 

BUSINES.S  OF  INSURANCE,  THE.— By  Howard  P.  Dunham,  covering  the  field  01 
practical  insurance,  life,  fire,  casualty,  surety  and  miscellaneous,  in  three  volumes,  containing 
over  I, ^oo  pages,  written  by  eighty  experts.  Price  per  set,  bound  in  library  buckram,  42  . 
bound  ill  half  morocco,  50'-. 

CHARTERS  OF  AMERICAN  LIFE  INSURANCE  COMPANIES.— Showing  the  charters 
and  amendments  thereto  of  sixty-two  prominent  legal  reserve  companies.  Revised  Edition,  191 1. 
Price,  bound  in  sheep,  50/-. 

COMPENDIUM    OF    OFFICIAL    LIFE    INSURANCE    REPORTS.- Price  25/-. 

CO.VIPLETE  EXTENDED  BOND  TABLES.— By  the  late  Charles  E.  Si-ragoe.  For 
obtaining  accurate  results  on  the  Amortization  Basis,  giving  values  to  the  nearest  cent  on 
$i,oco,ooo,  whereas  all  previous  tables  have  been  accurate  to  $100  only.  Rates  of  Income  to 
One  Hundredth  of  One  Per  Cent.     Price,  bound  in  flexible  leather,  50/-. 

EFFICIEXCV.-^By  Forises  Li.vdsav.  New  Edition.  An  instructive  work,  giving  practical 
lessons  in  life  insurance  salesmanship.      Prices,  paper,  5/-  ;  in  cloth,  6/6. 

HANDY  GUIDE  TO  PREMIUM  R.A.TES,  APPLICATIONS  AND  POLICIES  OF 
AMERICAN  LIFE  COMPANIES.— Price,  cloth,  20/-.  Three  Supplements  are  issued, 
in  July,  October  and  Janu.iry.     Price  to  Handy  Guide  subscribers,  5/-  for  the  three. 

HOW  TO  SELL  INSURANCE.-By  Wm.  Ai.fxander.  A  practical  guide  for  the  Life 
Insurance  Salesman.     Price  10/-. 

INSURANCE  L.\W  OF  NEW  YORK,  THE.-ByAMASA  J.  Pakker,  Jr.  The  complete  law 
of  New  York  ;  Cnapter  33  of  1909,  with  all  amendments  to  1919.  .'Vlso  the  complete  Con- 
-solidated  Laws  relating  to  the  General  Corporation  Law,  and  Stock  Corporation  Law.  Price, 
bound  in  buckram,  25/-. 

INSURANCE  SCIENCE  AND  ECONOMICS.-By  Frederick  L.  Hokf.man.  This 
work  is  a  practical  discussion  of  present  day  problems  of  insurance  administration,  methods, 
and  resuUs  ;  for  insurance  officials,  managers,  agents  and  others  interested  in  the  broader 
aspects  of  insurance  as  a  business  in  its  relation  to  public  welfare  and  the  State.     Price  15  -. 

IXSUR.VXCE  YEAR  BOOK.  THE.— Issued  July  of  each  year.  Price  of  each  volume:  Life, 
Casualty  ami  Miscellaneous  Insurance,  75/-  ;  Fire  and  Marine  I:;surance.  75/-  ;  Ijoth  volumes 
when  ordered  together,  125  -. 

LETTERS  OF  "AMICUS."— Written  by  a  Hayville  Agent.  Replete  with  good  advice  to 
Agents,  philosophical,  critical,  or  imaginative,  but  always  witty  and  pleasing.     Price  10/-. 

LIFE  AGENTS'  PRIMER,  THE.— By  William  Alexander.  A  simple  explanation  of  the 
general  truths,  fundamental  principles  and  the  practices  of  life  insurance  companies. 
Price,  cloth,  5  -. 

LIFE  ASSURANCE  PRIMER.— By  Henry  Moir.  Third  edition.  .V  work  of  reference  on 
the  theory  and  practice  of  life  insuramce.  .\  text  book  dealing  with  the  practice  and 
mathematics  of  life  insurance,  for  use  in  advanced  schools,  colleges  and  universities. 
Price  15/-. 


Publications   of  the   Spectator   Company — ronUnved. 

LIFE  INSURANCE  HISTORY.  1843-1910.— Yearly  business  of  all  active  United  States  Life 
Insurance  Companies  from  organization.     Price  25/-. 

LIKE  INSURANCE  LAW  CHART.— Contains  in  tabular  form  a  summary  of  State  Laws 
regarding  statutory  requirements  of  life  insurance  companies  for  permission  to  do  business  in 
each  State.     Issued  annually.     Price  20/-. 

LIFE  INSURANCE  POLICYHOLDERS'  POCKET  INDEX. -Showing  the  statistics  of  the 
level  premium  Companies.     Price,  manilla,  3/-. 

LIFE  INSURANCE  SALESMANSHIP.— By  Thomas  J.  Henderson.  A  work  of  great 
value,  instinctive  in  the  art  of  selling  life  insurance.     Price,  cloth,  7/6. 

MFDICO-.\CTU.\RIAL  MORTALITY  INYESTIGATIOX.  — Report  of  Joint  Committee, 
Actuarial  Society  of  .\merica  and  Association  of  Life  Insurance  Medical  Directors. 

Yolume    I.  gives  statistics  of  height  and  weight  of  insured  persons.     Price  12  6. 

Yolume  II.  shows  influence  of  build  on  mortality  among  men  and  women,  causes  of  deatli 
among  men  and  women.     Price  50  -. 

Yolume  III.  shows  the  mortality  experience  of  forty-three  companies  in  ninety-seven 
occupations,  with  the  principal  causes  of  death.     Price  50/-. 

Yolume  lY.  contains  statistics  on  the  influence  on  mortality  on  defects  in  physical  con- 
dition, in  personal  history  and  in  family  history.     Price,  50/-. 

Yolume  V.  contains  the  results  of  the  investigation  into  the  mortality  of  insured  lives  (a) 
with  family  history  of  tu"- >rculosis  ;  (b)  with  personal  history  of  malaria  ;  (c)  resident  in 
seven  Southern  States  ,  ^,d)  under  Joint  Life  policies.     Price  50;-. 

NOTES  ON  LIFE  INSURANCE.— By  Edward  B.  Fackler,  A.B.,  LL.B.  An  elementary 
treatise  on  the  principles  governing  life  insurance.  The  theory  of  life  insurance  practically 
explained.    Price  20/-. 

PLAIN  REASONS. -WHY  ONE  SHOULD  ENGAGE  IN  THE  BUSINESS  OF  LIFE 
UNDERWRITING. — By  Charles  Warren  Pickhll.  A  new  and  useful  book  to 
awaken  interest  in  life  insurance  soliciting  among  new  agents  and  those  considering  taking  up 
the  business.     Price  7/6. 

PRACTICAL  LESSONS  IN  ACTUARIAL  SCIENCE.— A  treatise  showing  the  methods 
of  ascertaining  rates,  values,  etc.,  for  life  insurance  policies,  embracing  several  hundred  pages 
of  Mortality  'lables  and  other  statistical  data  not  obtainable  in  any  other  publication.  Revised 
edition  in  two  volumes.  Vol.  I.,  350  pages  of  text,  and  Yol.  II.,  310  pages  of  tables. 
Price,  per  volume,  30/- ;  two  volumes  ordered  together,  50/-. 

PRACTICAL  LIFE  INSURANCE  EXAMINATIONS.— By  Murray  Elliott  Ramsay, 
M.D.  -\  work  of  interest  to  medical  examiners  of  insurance  companies  and  doctors  taking  up 
this  branch  of  work.     Price,  cloth,  8  -. 

PRACTICAL  POINTERS. — By  Forbes  Linds.'^y.  A  1917  publication  containing  various  phases 
of  field  work  discussions  in  a  manner  designed  to  afford  aid  and  suggestions  to  the  man  with 
the  rate  book.     Price  10/-. 

PRINCIPLES  AND  PRACTICE  OF  LIFE  INSURANCE.— A  Scientific  Treatise  on  Life 
Insurance,  with  valuable  tables  for  reference.  A  complete  arithmetical  explanation  of  the 
computations  involved  in  the  science  of  life  contingencies,  contains  4^,  4,  3J,  and  3  per  cent. 
American  and  Combined  Experience  Mortality  Tables.  Eighth  edition,  revised,  enlarge! 
and  improved  ;  containing  valuable  new  tables.     Price  100'-. 

PROSPEROUS  AGENT,  THE. — By  William  Alexander.  In  which  he  interestingly  sets 
forth  the  characteristics  of  the  successful  life  insurance  solicitor.     Price  5/-. 

PSYCHOLOGY  OF  A  SALE,  THE.— By  Forbes  Lindsay.  This  publication  is  a  companion 
work  to  "  Efficiency,"  and  treats  of  the  mental  processes  involved  in  a  sale,  handled  in  a 
practical  manner  with  a  strict  avoidance  of  fanciful  theory.     Price  5,  -. 

SELECTION  OF  RISKS  BY  THE  LIFE  SOLICITOR.— By  Dr.  C.  H.  Harbaugh.  Giving 
important  instructions  to  agents  tor  the  proper  selection  of  insurable  risks.     Price  per  copy,  2/6. 

SPECTATOR,  THE.— .^n  American  Review  of  Insurance;  Published  Weekly.  Price  20/- per 
annum. 

SYSTEM  AND  ACCOUNTING  FOR  A  LIFE  INSURANCE  COMPANY,  A.  —  By 
J.  Charles  Sf.itz.  .A  practical  guide  on  bookkeeping  and  accounting,  general,  actuarial, 
agency,  medical  and  policy  departments.  It  gives  a  mass  of  details  in  concise  form  by  means 
of  ruled  forms,  descriptions  and  explanations.     Price  £6  5s. 

WHAT  LIFE  INSURANCE  IS  AND  WHAT  IT  DOES. -By  William  Alexander.  A 
primer  for  laymen  and  students.     Price  7/6. 

Write  for  extensive  list  of  canvassiiis  leaflets. 

C.  &  E.  LAYTON,  56,  Farningdon  Street,  London,  E.C.  4. 
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